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SECTION 1 INTRODUCTION 

A Geoarchaeological research design has been pr epared to g uide f ieldwork a nd t he do cumentation of 
potential impacts upon cultural r esources within the BrightSource Energy, Inc. Rio Mesa Project (RM; 
also referred to as Project) Area of Potential Effect (APE).  Information presented in this research design 
will govern the geoarchaeological study related to the Project APE.  The primary purpose of this research 
design is to disclose the overall approach the Project will take to comply with state and federal regulations 
regarding the protection of cultural resources, specifically potential buried cultural resources. In addition, 
the research design provides the overarching guidance for identification efforts of extant landforms and 
their potential for subsurface cultural resources.  

The c ontent of t his research d esign will i nclude the project de scription, the definition of  t he 
Geoarchaeological Study A PE, t he fieldwork methods, a nd t he r esearch de sign, w hich i s i ntended to 
guide t he i dentification of p otentially a rchaeologically sensitive l andforms and, u ltimately, th e 
preliminary e valuation of  associated potentially s ignificant cultural resources.  The r esearch d esign i s 
intended t o ad dress a range o f geomorphic f eatures that oc cur w ithin the P roject A PE a nd p rovide a 
preliminary basis for determining the possible presence of subsurface cultural resources.  

Upon the completion of the field work, a Geoarchaeological Technical Report (Technical Report) will be 
prepared a nd s ubmitted t o t he C EC a nd B LM f or r eview and approval.  The pr imary pur pose o f t he 
Technical R eport w ill be  to pr ovide the C EC a nd the BLM t he r esults o f t he st udy an d the initial 
conclusions r egarding t he potential f or t he P roject to af fect b uried cu ltural r esources.  The T echnical 
Report will serve as the data response to the CEC’s Data Request No. 98.  The CEC will transmit the 
Technical Report to the BLM if the agency deems it appropriate. 

Lastly, buried archaeological deposits found during the trenching activities will be recorded on DPR 523 
forms by the Cultural Monitor.  Formal evaluation of site eligibility and/or data recovery is beyond the 
current s cope. T he g eoarchaeological s tudy i s n ot de signed t o a ssess t he e ligibility of  bur ied 
archaeological sites identified during trenching.  Additional scoping and consultation with the CEC and 
BLM will be necessary to complete a Phase II analysis of any identified archaeological deposits. 

1.1 PROJECT DESCRIPTION 

The project s ite is located in Riverside County approximately 13 miles southwest of Blythe, California 
(Figure 1).  The Project will consist of two solar plants: t he southernmost pl ant will be  known a s Rio 
Mesa I  and the northernmost plant w ill be  k nown a s Rio Mes a II.  The pl ants w ill be  c onstructed in 
separate phases. Rio Mesa Solar I, LLC and Rio Mesa Solar II, LLC, the owners of the two separate solar 
plants, are jointly known as the “Applicant.” 

Each plant will include a  power block area surrounded by an array of  approximately 85,000 h eliostats, 
and will require approximately 1,850 acres (or 2.9 square miles) of land to operate.  The nominal capacity 
of each solar plant will be 250 megawatts (MW), for a total Project nominal output of 500 MW.  Certain 
facilities for the Project will be shared by the two plants and located in a common area.  These facilities 
will i nclude a  c ombined administration, c ontrol, m aintenance, and w arehouse bui lding, a nd m obile 
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equipment maintenance facilities for the maintenance crew and operators.  The total area required for both 
plants, including the common area, is approximately 3,805 acres. 

The Project will deliver power at 220 kilovolts (kV) to Southern California Edison’s (SCE’s) Colorado 
River Substation (CRS), located approximately 9.7 m iles to the northwest.  F rom the plant switchyards, 
power w ill b e t ransmitted underground, a t 220 k V, t o the Project s witchyard ( located i n t he common 
area). 

1.2 FEDERAL AND STATE AGENCIES 

BLM will be the lead agency under the National Environmental Policy Act (NEPA), since the road access 
and t ransmission l ine a re pr oposed on f ederal lands m anaged by  BLM. T he C alifornia E nergy 
Commission (CEC) is the lead agency under California Environmental Quality Act (CEQA) and has a 
certified regulatory program under CEQA.  This work plan has been designed to accommodate both the 
CEC/BLM Memorandum of Understanding (MOU) and the separate permitting requirements of CEC and 
BLM, should the processes be separated. 

1.3 AREA OF POTENTIAL EFFECT (APE) 

The geoarchaeological study APE i s cu rrently assumed to be equivalent to t he Archaeological APE or 
direct effects APE.  The delineation of cultural resources survey areas was determined based on the CEC 
Rules o f P ractice and P rocedure an d P ower P lant S ite R egulations a nd D esignation of  Transmission 
Corridor Zones, Appendix B (g)(2)(C) (CEC 2008). For the purpose of this Project, the geoarchaeological 
survey areas also are equivalent to the Archaeological APE found in the BLM 8100 Manual, and are in 
compliance with the Section 106 process [36 CFR §800.16 (d)]. 
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SECTION 2 ENVIRONMENTAL SETTING 

2.1 PHYSIOGRAPHY AND GEOLOGY 

The project area is bounded to the south and west by the volcanic and plutonic rocks that form the Mule 
Mountains, to the north by an extension of the Chuckwalla Valley that separates the Mule and McCoy 
Mountains, and to the east by the broad floodplain of the Colorado River. The immediate project area is 
characterized b y gently sl oping al luvial f ans t hat emanate f rom t hese mountains.  G ullies an d washes, 
running a pproximately w est to e ast, d issect t he s ite, pr imarily on t he no rth a nd s outh s ides. The r ock 
outcrops of  t he M ule M ountains a re he avily e roded a nd m antled by  a  Q uaternary f an pi edmont. 
Alternatively, the Colorado River f loodplain is composed of  more recent alluvial material deposited by 
the r iver. B etween t hese t wo ar eas l ies t he P alo V erde Me sa, w hich i s p rimarily co mposed o f i nset 
Pleistocene terraces of the Colorado River. All of these Quaternary landforms are comprised of numerous 
older r emnants a nd m ore r ecent de posits of  v arying ages. A dditional i nformation r egarding t he 
geomorphological setting and conditions of the Project area can be found in the initial Geoarchaeological 
Assessment (URS 2011), as well as in subsection 3.1, Background below. 

2.2 CURRENT PHYSICAL SETTING 

The project area is predominately in a rural setting with land uses that include agriculture  ( e.g., grains/ 
hay); hi storic p eriod m ilitary t raining ( e.g., 1942 -1944 D esert T raining C enter or  D TC, t ank t racks, 
trenches, an d g raded ar eas); d irt r oads (e.g., B radshaw t rail, O pal Mine R oad, H odge M ine R oad, 
transmission line road/corridor, and o ther unnamed unpaved roads); approximately 40 pr evious ground 
water t est w ells a nd nu merous dr y w ell c asings; ut ilities ( e.g., f our t ransmission t owers a nd on e 
underground pipeline); and recreational use (e.g., off-highway vehicles [OHVs] and camping).  D espite 
these surficial disturbances, the landscape and topography generally resemble the natural environment.   

The following activities are primarily responsible for the previous surface and subsurface disturbance in 
and adjacent to the project area: 

• agriculture,  

• historic-period military training (DTC), 

• transmission lines and underground gas lines, 

• ground water testing, 

• recreation use (OHV tracks and camping), and 

• road construction, use, and maintenance (e.g., Bradshaw Trail, Opal and Hodge Mine Roads). 
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SECTION 3 PROJECT LANDFORMS 

The following discussion is largely focused on identifying those portions of the project area that have the 
potential for ha rboring a rchaeological de posits that d o not  exhibit s urface manifestation.  Through t he 
completion of  a  g eoarchaeological a ssessment a  ba ckground m odel of  l andscape de velopment c an be  
formulated, a s c an m ajor landforms be  i dentified a nd m apped. T hrough t his a ssessment, g eological 
deposits can  b e d ated an d co nclusions a scertained r egarding ar eas w ith an  i ncreased l ikelihood o f 
subsurface archaeological deposits. The following sections summarize the project landscape development 
based on the findings associated with the geoarchaeological assessment conducted for the Project AFC, 
Cultural Resources Technical Report (Nixon et al. 2011) and Geoarchaeological Sensitivity Assessment 
(Rehor 2011).  

Per S taff request, t he ch aracteristics used to c lassify l andforms an d geologic units i n t he RMS project 
area—including de scriptions by  S tone (2006) a nd more de tailed m etrics ou tlined in B ull (1991)—is 
provided in Section 3.2 and summarized in Table 3.1-3.  A  complete version of Stone’s (2006) geologic 
study just n orth o f t he p roject a rea is av ailable online 
(http://pubs.usgs.gov/sim/2006/2922/SIM2922_pamphlet.pdf).  

3.1.1 Models of Landscape Development 

It ha s be en s hown t hat s ome a lluvial l andforms ( e.g., de sert pa vements t hat ha ve e volved t hrough 
accretion of eolian silts and sands, and the gradual bearing of larger clasts to the surface) have the 
potential f or containing buried a rchaeology (Ahlstrom and Roberts 2 001). However, a representative 
portion ( if not t he vast majority) o f these a rchaeological deposits w ill be  incorporated i nto t he surface 
pavement t hrough t he sam e acc retionary p rocess. Thus, t hese o lder su rfaces a re n ot likely t o contain 
archaeology that is not at least partially evident on the surface (Ahlstrom and Roberts 2001; URS 2010). 

Geomorphic processes have played a major role in the differential preservation of archaeological sites in 
the Colorado and Mojave deserts. For example, early cultural sites related to the San Dieguito and Lake 
Mojave cultural complexes are almost exclusively known from surface contexts on terminal Pleistocene 
and E arly H olocene g eomorphic surfaces (Sutton 19 96:229). These e arly s ites a re t ypified by  s parse 
remains o n desert p avements, o ften o n m esas and terraces o verlooking l arger w ashes or p aleo-lake 
shorelines. S chaefer ( 1994:64) suggests that “ these ar e z ones w here a v ariety o f p lant an d an imal 
resources could be located and where water would at least be seasonally available.” However, it is much 
more likely that this is simply a matter of landscape development since the Late Pleistocene; these mesas 
and terraces, with well-developed desert pavements, represent the differential preservation of older land 
surfaces a t h igher e levations. O lder sites ar e p reserved o n these relict landforms, w ith o ther sites o f 
similar age likely buried by subsequent depositional processes, or destroyed by erosional processes. These 
same p rocesses h ave al so affected t he d istribution o f r esources ( i.e., l ithic r aw material, w ater, b iotic 
communities, etc.) across the landscape and, thus, the placement of archaeological sites in relationship to 
those r esources. The p rimary f actors effecting g eomorphic p rocesses in the r egion ar e t he u nderlying 
structural geology and climate change. In addition to these local factors, the Colorado River—affected by 
extra-regional factors upstream— has had a major impact on landscape evolution within the project area. 
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Regional climatic trends through the Late Pleistocene and Holocene are important to this current study 
because of effects on the production of material for alluvial deposition and the concomitant susceptibility 
of the landscape to erosion. Regional correlations between periods of alluvial fan deposition during the 
Latest Pleistocene and Holocene indicate that cl imatic changes superseded o ther factors as t he primary 
force driving alluvial deposition (McDonald, McFadden, and Wells 2003:203). Within the Mojave Desert, 
several major intervals of alluvial deposition have been identified and appear roughly correlative across 
the region, l argely t ranscending g eomorphic v ariation ( Anderson a nd Wells 2 003; H arvey a nd Wells 
2003; McDonald, M cFadden a nd W ells 2003).  Figure 3.1 -1 s hows a  s ummary of  t he t iming of  t hese 
major depositional events across numerous mountain fronts in the Mojave.  

 

Figure 3.1-1. Correlation of Mojave Desert Geomorphic Events  
(Qf designates period of alluvial fan deposition, Qe eolian dune formation, 

and L pluvial lake highstands; from McDonald, McFadden and Wells 2003:198) 

In general, the Pleistocene-Holocene transition, ca. 13,000 to 9,000 years before present (B.P.), represents 
a major period of fan deposition, followed by subsequent periods during the Holocene at approximately 
8,000 to 5,000 B.P., 4,000 to 3,000 B.P., and after approximately 1,500 B.P..  It was initially conjectured 
that th ese pe riods, e specially a round t he P leistocene-Holocene t ransition, correlated w ith g eneral 
environmental desiccation, a decrease in soil moisture and vegetation, and an increase in sediment supply 
and e rosion (e.g., Bull 1991; Wells e t al. 1987).  However, recent f ield s tudies have demonstrated that 
changes in vegetation cover alone do not explain increased sediment mobility.  Instead, the most plausible 
hypothesis points towards a northward shift in the dominant late summer/early fall jet stream, allowing 
tropical Pacific cyclones from southern Mexico into the region and causing unusually large amounts of 
precipitation ov er short p eriods ( McDonald, M cFadden a nd W ells 200 3:202).  A bi annual m onsoonal 
weather p attern i s s till p resent i n t he l ower elevations o f the C olorado D esert, i ncluding P alo V erde, 
where February and August are the two wettest months (Western Regional Climate Center 2011).  It is 
likely that the summer rainy season was more intense during these periods, but precipitation during the 
remainder o f t he y ear w ould h ave b een s imilar t o the v ery l ow l evels p resent today ( approximately 2  
inches during non-summer months). 

Pollen and lake-level records suggest general trends in Late Pleistocene and Holocene climate change, but 
these records do not make clear what meteorological changes are responsible for the trends.  Pleistocene 
climate was wetter and cooler than today, with extensive lakes (including Ford and Palen lakes northwest 
of the pr oject a rea), a nd pinyon-juniper w oodlands extending i nto m uch lower e levations ( Spaulding 
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1990). The v egetation transition f rom t he P leistocene t hrough E arly H olocene a ppears to have be en 
relatively gradual, with woodlands retreating and giving way to desert scrub. During the middle Holocene 
(ca. 8,000 t o 4,000 B .P.) c limate appears t o h ave b een generally warmer an d d rier than today, t hough 
there are some indications of significant oscillations in climatic patterns (Spaulding 1990), possibly akin 
to t hose s uggested by  M cDonald, McFadden, and Wells (2003), t hat w ere responsible f or t he m iddle 
Holocene Q f3 f an de position i n the S oda Mountains ( see F igure 3.1 -1, a bove).  The L ate H olocene 
climate was generally similar to modern conditions. However, given the higher resolution record for this 
more recent period, it appears that several periods of extended drought (including the Medieval Climatic 
Anomaly, ca. 1150 to 600 B.P.) as well as at least one cooler wetter period (the Little Ice Age, ca. 600 to 
150 B.P.; Grove 1988) marked the Late Holocene.  

The project area and lower elevations within the Colorado Desert in general, appear to have experienced 
vegetation regimes s imilar to today for most of  the Holocene (ca. 11,000 years; Schaefer 1994:60-63). 
The creosote-scrub habitat that typifies the project area would have been established at lower elevations 
by t he L ate P leistocene, providing p rehistoric inhabitants w ith access t o s imilar n atural r esources 
throughout much of  prehistory.  As discussed above, numerous s tudies, particularly in higher e levation 
portions of  t he C olorado an d Mo jave d eserts, h ave d emonstrated relatively si gnificant c limatic, 
precipitation, a nd v egetation f luctuations throughout t he H olocene ( Kaijnkoski 2008) . N onetheless, 
regional cl imatic t rends t hrough t he L ate P leistocene an d H olocene ar e i mportant to t he c urrent s tudy 
because of effects at higher elevations and the production of material for alluvial fan deposition. 

Periodic i ncreases i n ef fective m oisture likely r esulted in h igher se asonal w ash f low, i mproving t he 
exploitable ha bitat f or human r esidents, but  a lso a ccelerating t he geomorphic pr ocesses t hat l ed t o the 
burial or  e rosion o f archaeological sites. These c limatic ch anges a lso i ncreased the se diment supply 
available for wind-blown (eolian) transport on dry lake beds and former stream channels during intervals 
of d ecreased ef fective m oisture. E olian p rocesses d eflated sed iment so urce a reas an d d eposited t hat 
material elsewhere. Taken together, these processes created, destroyed, and buried landforms that humans 
may have occupied across the Colorado and Mojave Deserts.  

3.1.1.1 Geologic Mapping and Identification of Major Landforms 

An in-depth geologic study of the northern portion of the project area was conducted by the United States 
Geological S urvey ( USGS). This s tudy i ncluded a synthesis a nd de scription of g eologic un its a nd 
mapping at a 1:24,000 scale (Stone 2006).  This information was incorporated into an online GIS database 
which was used as the basis for additional geologic mapping for the southern portions of the project area, 
as shown in Figure 3.1-1. The additional mapping effort was initially conducted through GIS, using aerial 
and t opographic imagery t o correlate with t he existing mapped geologic units. This mapping was t hen 
field verified during a primary field study conducted by URS geoarchaeologist, Jay Rehor, from March 
28 t o 31, 2010. The pu rpose of  t he f ield s tudy w as t o v erify a nd modify t he de sktop mapping e ffort, 
assess the veracity o f the units p reviously mapped by S tone (2006) within t he project area, and assess 
those units for geoarchaeological sensitivity through examination of soil profiles and other indicators of 
landform age and processual development. 

By examining the relationship among the landform components, we can develop relative age estimates, 
conclusions as to the depositional history of that landform, and the potential of each landform to harbor 
buried paleosols of appropriate age. 
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Before be ginning s uch a  di scussion, how ever, i t i s necessary t o de fine a  c ommon s et of  de scriptive 
landscape terms a nd de finitions us ed in the f ollowing pa ragraphs.  Many d ifferent terms ar e u sed t o 
describe de sert g eomorphology, w ith v astly di fferent implications o f scale, accuracy, an d i mplied 
formation processes. “A lluvial f an” an d “bajada” a re t wo c ommon t erms t hat a re o ften m isleading 
because t hey a re u sed to refer to di fferent types of  de positional a nd e rosional l andscapes, a nd they 
subsume numerous smaller landform components.  The terminology adopted in this study follows after 
Peterson ( 1981) b ecause t he c lassification sy stem e mphasizes t he t emporal and sp atial r elationship 
between landform components, and was devised in relation to the study and classification of Basin and 
Range soils, thus making it highly relevant to the current geoarchaeological study.  A discussion of these 
various landforms is provided in the following sections, with direct reference to the project area and the 
geologic units classified by Stone (2006). 

At the broadest scale, the larger Palo Verde Mesa study area has many features that would classify it as a 
“semi-bolson” ( Confidential F igure 3. 1-2).  Common i n d esert r egions o f t he Basin an d R ange, semi-
bolsons differ from true bolsons in that they lack a playa or floodplain, on which alluvial fans normally 
terminate, and instead ar e cu t t hrough b y an  ax ial drainage t hat m arks t he t ermination o f t he v arious 
piedmont landforms.  H owever, the Palo Verde semi-bolson is anything but typical, due to the fact that 
the axial channel is not an intermittent stream or wash as usually found in Basin and Range semi-bolsons, 
but r ather is t he C olorado River, a  pe rennial r iver t hat has a  dr ainage ba sin of  a pproximately 250,000 
square miles.  The Palo Verde Mesa area represents a mixture of typical semi-bolson desert landforms 
and f eatures that a re more t ypical o f semi-arid a nd s ub-humid r iver v alleys.  For t he pur poses of  t his 
discussion, w e w ill e mploy t he t erminology us ed b y P eterson ( 1981:30-34) t o d escribe s emi-bolson 
landforms, with some additional terminology more typical of river valleys (e.g., “inset terrace”). 

The project area semi-bolson can be further divided into two dominant s tructural sections. The western 
half consists of t he Mule Mountains and associated coalescing al luvial fan p iedmont gradually sl oping 
down t o the e ast.  The second d ominant s tructural s ection is formed b y sev eral i nset a lluvial terraces 
which form Palo Verde Mesa, and includes the modern floodplain formed by successive aggradations and 
degradations o f t he Colorado River. This fluctuation in the base level of the Palo Verde valley h as 
dramatic i mplications for the preservation o f Q uaternary d eposits. G radual b ase level rise i n t ypical 
internally drained desert basins has favored the burial of Quaternary piedmont deposits by successively 
younger alluvium. The Colorado River, on t he other hand, has experienced net downcutting of over 100 
meters during the Quaternary (Bull 1991:50).  This downcutting causes a drop in local base level, incision 
of t ributary s treams on the pi edmont, and p romotes e rosion and t ransport o f p iedmont a lluvium t o the 
floodplain (new base level). Backfilling of the river valley, which has likely occurred through much of the 
Holocene (Metzger et al 1973:G28), gradually increases the base level, but only encourages aggradation 
and backfilling of the tributary drainages a short distance upslope from the height of the floodplain. The 
net result of this base level fluctuation is that erosion has played a greater role across the project area than 
in typical Basin and Range bolsons.  

3.1.1.2 Dating Alluvial Desert Deposits 

The ages of the various geomorphic surfaces within the project area are of central concern because age is 
one of the most important factors in constraining the possibility of buried archaeological deposits. Older 
land su rfaces– those t hat were deposited p rior to human oc cupation i n t he Americas ( ca. 15 ,000 years 
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ago) and which are still exposed on the surface– have, by definition, no possibility of containing buried 
archaeological deposits. On the other hand, younger land surfaces, if deposited in the right location, with 
low e nough e nergy, may bury a nd pr eserve a rchaeological m aterial pr eviously de posited on a n o lder 
surface. However, if these younger deposits unconformably overlie heavily eroded older formations, any 
archaeology that may have originally been deposited on the older surface would be effectively destroyed. 
Determining t he n ature of an y su bsurface contacts is t hus integral to u nderstanding t he po tential for 
buried archaeology within the younger landforms. 

Unfortunately, dating of desert geomorphic surfaces is d ifficult and there is s ignificant variation in the 
precision o f v arious methods us ed in d etermining r elative a nd numerical a ges (McDonald, M cFadden, 
and W ells 2 003:190). Two pr imary, non -chronometric m ethods ( e.g., n ot c arbon-14, t hermo-
luminescence, et c.) ar e u sed f or d etermining t he ag e of d esert landforms: so il development an d d esert 
pavement de velopment.  Confidential F igure 3.1-3 pr ovides a g raphic r epresentation of p avement a nd 
subsoil horizon de velopment t hrough t ime i n d esert environments. B oth o f these m ethods are he avily 
dependent on environmental factors, such as temperature, precipitation, and parent material. As such, they 
are most effective within a confined homogeneous area. 

Early i nvestigations i nto t he d evelopment o f d esert p avements h ypothesized t hat t hey w ere f ormed 
through fluvial a nd e olian e rosion of  fine-grain sed iments, l eaving a d eflated l ag d eposit o f co arser 
material a t the surface (Cooke 1970) .  More recent work– particularly on volcanic lava surfaces where 
fine-grain al luvial sed iments a re largely ab sent– indicates t hat desert pavements ar e i nstead formed 
through a process of fine-grain eolian sand and silt accretion (Wells et al. 1995).  As dust blows onto a 
surface, it accumulates between larger surface clasts and, over time, infiltrates below the clasts and causes 
them to “float” on a fine-grain layer that thickens over time.  This process may partially explain the upper 
vesicular A-horizon (see below) noted in most older desert soils.  However, erosion may still play a role 
in the formation of pavements in some contexts, such as eolian dune complexes (McAuliffe and 
McDonald 1995:61-62). 

While desert pavement formation is dependent on factors of time and climate, parent material also plays a 
major role. In general, alluvium derived from plutonic (e.g., granitic) sources form much weaker 
pavement– with fewer interlocking stones and less evident varnish– than volcanic and limestone sources 
(McDonald, McFadden, and Wells 2003:193).  Along a Mojave Desert mountain front, it was determined 
that “minimal, if any, pavement formation occurs on alluvial fan surfaces in the granite-derived piedmont, 
regardless of age” (Eppes, McDonald, and McFadden 2003:109). 

Given t hese factors, p erhaps a m ore reliable e stimate o f l andform ag e w ithin the project a rea i s s oil 
horizon development. Due to the time-transgressive nature of soil development in arid environments, the 
stage of  c alcium c arbonate ( CaCO3 or  “ k”) i lluviation a nd d evelopment, a nd t he de gree of B  ho rizon 
development ar e i dentifiable m arkers o f ag e.  In t his st udy o f the p roject area, t he d egree o f d esert 
pavement formation and calcic horizon formation were used together as indicators of landform age during 
field studies. In addition, more typical soil classifications were made on the l imited exposed profiles in 
order to assess pedogenic processes at play in the project area. 

In general, soils on older Pleistocene alluvium are characterized by a strongly cemented (Stage III), well-
developed calcium carbonate B or K horizon (Confidential Figure 3.1-4).  Conversely, Holocene alluvial 
fan de posits t ypically e xhibit a  ba r a nd s wale s urface morphology l acking pr ominent d esert p avement 
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development. Early Holocene alluvial fan deposits typically exhibit moderate B-horizon development and 
Stage II calcium carbonate morphology. Middle to Late Holocene alluvial fan deposits tend to have very 
weakly de veloped B  hor izons a nd S tage I  c alcium c arbonate m orphology.  Latest H olocene su rfaces, 
which are generally active washes, exhibit no soil development (Dohrenwend et al. 1991:328; McDonald, 
McFadden, and Wells 2003:193).  

Very few natural subsurface exposures were observed during the field reconnaissance. As such, few soil 
profiles w ere r ecorded an d d escribed, an d a re n ot discussed ex tensively i n t he f ollowing an alysis. 
However, a brief review of soil terminology is necessary to allow better understanding of the few figures 
that contain soil profiles. For this study, master soil horizons were defined using standard United States 
Department of  Agriculture (USDA) soil t axonomy (Soil Survey S taff 2006) and techniques specific to 
desert s oils ( Birkeland, Machette, a nd Haller 1991). This organizational system u ses u pper-case letters 
(A, B , C ) to d escribe in-place w eathering ch aracteristics. Mo st h orizons and layers a re g iven a single 
capital l etter sy mbol w here: “A ” is t he o rganic-rich uppe r ho rizon de veloped a t or  n ear the o riginal 
ground surface; “B” i s the horizon formed i n t he middle of a  profile, with concentrations of  illuviated 
clays, iron, etc., and general ch anges in soil structure; an d “C” is the relatively u nweathered parent 
material up on w hich t he other s oil ho rizons f ormed.  These m aster h orizons are p receded b y A rabic 
numerals (2, 3 , e tc.) w hen t he ho rizon is a ssociated w ith a  di fferent stratum, w here num ber 1 is 
understood but not shown, and lower numbers indicate superposition over larger numbers.  Lower-case 
letters are used to designate subordinate soil horizons (Table 3.1-1).  Combinations of these numbers and 
letters indicate the important characteristics of each major stratum and soil horizon from which inferences 
can be drawn. 

Table 3.1-1 
Subordinate Distinctions within Master Soil Horizons 

Subordinate 
Horizon Description 

c Cementation or induration of the soil matrix 

k Accumulation of pedogenic carbonates, commonly 
calcium carbonate 

m Strong cementation 

Ox Oxidized iron and other minerals in parent material 
(C-horizon) 

t Accumulation of subsurface silicate clay (illuviation) 
v Vesicular soil development 

  

3.1.1.3 Geoarchaeological Assessment Methods 

Major l andforms w ithin the pr oject a rea were initially i dentified us ing bot h color a nd bl ack-and-white 
aerial photography (Microsoft 2010, Digital Globe 2009), in combination with existing geologic maps of 
the a rea (Hamilton 1984 ; Jennings 1967;  Metzger, L oeltz, a nd I relna 1973 ; S tone 1990, 2 006). G iven 
these designations, certain broad assumptions could be made about the age and depositional h istory of 
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each portion of the project ar ea.  The mapping and assumptions were verified and modified during an 
initial field reconnaissance through on-the-ground examination of the landscape and key indicators, such 
as s uperposition, r elative s lope, de sert pa vement d evelopment, a nd subsoil formation.  S ubsurface 
examination w ithin the p roject area w as l imited to n atural exposures w ithin ex isting w ashes an d 
drainages. Due to the gradient of these drainages, the majority of exposures were present in the eastern 
portions of  the p roject a rea a nd d iminished t o the west.  The majority o f the d rainages i n the western 
portions of the project area are relatively small with only minor incision.  No archaeological material was 
observed in any of the few subsurface exposures. 

The combined results of this study are shown in Confidential Figure 3.1-5 and summarized in Table 3.1-
2.  The following paragraphs provide a discussion of these results. 

Table 3.1-2 
Summary of Geoarchaeological Sensitivity of Landforms within the Project Area 

Geologic Map Unit Landform Age Estimate* 
Present Depositional 

Regime* Sensitivity 

TRqm, TRd, Tv, Pgn, 
Jp, Jv Rock Outcrops Tertiary or older Erosional None 

QTmm and QTa2 Upper Alluvial Fan 
Piedmont 

Early Pleistocene or 
older Erosional None 

QTmw Relict Colorado River 
Gravel Terrace 

Pliocene to 
Pleistocene Erosional None 

Qa3, Qa5 Alluvial Fan Piedmont Pleistocene to Late 
Holocene Variable Very Low to Moderate 

Qa6 Lower Alluvial Fan 
Piedmont 

Middle to Late 
Holocene Depositional Moderate to High 

Qpv Colorado River 
Terrace Pleistocene Erosional Very Low 

Qs, Qa6 Alluvial Flat Late Holocene Depositional Moderate to High 

Qw 
Active Washes  
(and associated minor 
landforms) 

Pleistocene to 
Holocene Erosional Low 

Qm Modern Alluvial Fan Recent Depositional Moderate to High 
Qr Floodplain Holocene Depositional Moderate to High 
* From Metzger, Loeltz, and Irelna 1973; Stone 2006; and Malmon et al. 2011. 

3.2 PROJECT LANDSCAPE RECONSTRUCTION 

Assignment o f l andform t ypes an d ag es w ithin the RMS P roject ar ea a re b ased p rimarily o n d istinct 
surface m orphological t raits, w hich are easily observable and ha ve s imilarities with g eomorphic un its 
classified locally (Stone 2006) and more generally throughout the Mojave and southern Great Basin (e.g., 
Bull 1991; Enzel, Wells, and Lancaster 2003). Of particular utility in these assignments is Bull’s (1991) 
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seminal s tudy o f d esert landforms. A s d iscussed a bove, i t h as been w ell d ocumented t hat landforms 
across the region, particularly alluvial fan units, were the result of relatively discreet climatic oscillations, 
and that surface morphologies (as well as subsurface profiles) exhibit some very similar characteristics.  

Assignment of landform type (and associated age) was initially made using aerial photographs, and then 
field checked. Assignments were made based on distinct morphological traits which have been shown to 
correlate between alluvial landforms of similar age and depositional history.  As Bull (1991:51-52) notes, 
“each age of alluvial geomorphic surface in the valleys t ributary to the Colorado River has a d istinctly 
different topography, soil profile, and sedimentology… part of the evidence that the six main geomorphic 
surfaces are the result of climatic change consists of their regional extent.” Bull provides very in-depth 
metrics for d ifferentiating b etween t he v arious r egionally sy nchronous al luvial surfaces.  These r ange 
from surface morphologies such as degree of pavement formation, degree and color of varnish on surface 
clasts, surface roughness (e.g., bar-and-channel, bar-and-swale, planar/flat, etc.), degree of 
dissection/erosion by dendritic drainage channels, and height above active channels; to subsurface 
pedogenic i ndicators such as de pth a nd de gree of  carbonate and argillic c lay a ccumulation. O n a erial 
photos, these characteristics lead to a d istinct overall expression of the alluvial fan landform, which can 
help di fferentiate be tween t he f our br oad pe riods of  de position t ypically s een i n t he r egion ( i.e., 
modern/late Holocene; latest Pleistocene-middle Holocene; late Pleistocene; and Plio-Pleistocene).  These 
metrics, w hich w ere used to  d ifferentiate b etween a lluvial la ndforms w ithin th e P roject area, ar e 
reproduced i n Table 3.1-3 for ea se o f reference, discussed below f or e ach of t he l andforms, a nd 
highlighted in representative photographs of the project area. 

Most of the locally derived alluvial-fan deposits in the map area are divided into five units (QTa2, Qa3, 
Qa4,Qa5, Qa6) based primarily on their surface morphology and their appearance on aerial photographs. 
Each o f t hese un its c orresponds t o one or m ore o f ni ne r egionally w idespread a lluvial g eomorphic 
surfaces distinguished by  Bull ( 1991). T he o ldest and t hickest u nit ( QTa2, e quivalent to Q 1 of  B ull) 
forms deeply dissected hills and ridges adjacent to the range fronts. Parts of this unit could be as old as 
late Miocene. Alluvium of Pleistocene age (Qa3 and Qa4, mostly equivalent to the Q2 surfaces of Bull) 
forms smooth, varnished pavements, whereas Holocene alluvium (Qa5 and Qa6, mostly equivalent to the 
Q3 and Q4a surfaces of Bull) forms rough surfaces that preserve relict depositional bars and channels. 
Most of the middle Pleistocene to Holocene alluvial units are interpreted as the products of aggradation 
events that t ook pl ace du ring i nterglacial c limatic e nvironments ( Bull, 199 1).  The y oungest l ocally 
derived alluvium is that of modern washes (Qw, equivalent to Q4b of Bull), which commonly are incised 
many meters into the older alluvial-fan deposits. 

For l andforms other than alluvial f ans—those having been deposited di rectly by the Colorado River—
other indicators were used, such as the presence of exotic rounded cobbles and gravels, which could not 
have come from the Mule Mountains.  These fluvial landforms have been well documented (Metzger et 
al. 1973; Stone 2006; Malmon et al. 2011) and their differentiation from the local alluvial fan landforms, 
and c orrelation with established a ggradation/degradation c ycles of  the C olorado R iver i s r elatively 
straightforward. Following the description of each landform, a narrative geomorphic history is presented 
which attempts to make clear the temporal and depositional relationships between the various landforms. 
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Table 3.1-3 
Characteristics of Quaternary alluvial geomorphic surfaces within RMS Project Area. 

Geomorphic 
Surface 

Equivalent 
of Bull  
(1991) 

Approximate Age*  
(from Bull 1991 and 

McDonald et al. 2003) Characteristic Morphology 
Aerial Photo 

Characteristics 

Soil-Profile Horizons  
(from Bull 1991 and confirmed in 

limited natural exposures) 

Geoarchaeological 
Sensitivity A Bw, Bt Bk, K 

Qw Q4b active channel (modern) 

Unconsolidated, angular to subangular gravel and sand derived from local mountain 
ranges. Mapped areas include both large individual washes and closely spaced smaller 
washes. Active washes, with distinct bar and channel morphology, clearly incised into 
other landforms, except for higher on piedmont, where they made grade laterally into 
young alluvial sand and gravel of Qa6. 

Unvarnished, light hues, with 
obvious vegetation None None Unweathered sandy gravel Low 

Qa6 Q4a 0-2,000 BP 

Surface morphology of abandoned bouldery bars and channels. Young alluvial-fan and 
alluvial-valley deposits characterized by a lack of desert varnish, generally fine grain 
size, and evidence of recent sediment transport. Consists mostly of sand, pebbly sand, 
and sandy pebble-gravel; forms very gently sloping to nearly flat valley floors marginal to 
older, varnished alluvial-fan deposits. Surfaces are covered by sparse to moderately 
dense vegetation and commonly are transected by shallow channels of active sediment 
transport. Thin accumulations of eolian sand, not mapped separately, are present locally. 
Near mountains, unit includes relatively coarse, youthful, unvarnished gravel deposits of 
alluvial fans that grade downslope into the fine-grained deposits. Unit also includes 
deposits of many minor washes and channels (equivalent to Qw) too small to be mapped 
separately. 

Unvarnished, light hues, with 
obvious vegetation None None Unweathered sandy gravel Moderate to High 

Qa6 Q3c 2-4,000 BP 

Similar to above, but preliminary bar and swale surface morphology (i.e., enough time for 
bars to begin to smooth into channels and form swales); landform is generally 0-2 m 
above active stream channels.  Minor rock vanish on some gravels/cobbles and incipient 
formation of desert pavement. 

Gradational between above 
and below 

10YR 7/4 silt, 
vesicular, 0.5-2 cm 

thick 
None 

Bk at 1-15 cm, I coatings 
 <0.1 mm 

Moderate to High 

Qa5 
(possibly including 

portions of Qa6, closer 
to mountain front). 

Q3b 4-8,000 BP 

Gravel and sand that form relatively young, undissected to little-dissected, bar-and-swale 
surface morphology with moderate pavements; landform is generally 0-4 m above 
stream channels.  Unvarnished to lightly varnished (color of 7.5YR 3/4 to 3/3). Bars are 
composed of poorly sorted gravel; swales are composed of sand and fine gravel typically 
2 cm in diameter or smaller. Vegetation can be light to moderately dense in swales but is 
sparse on bars. 

Gray tones and "plumose" 
texture caused by bar and swale 
topography; minimal vegetation 

except in drainages 

10YR 7/3 silt, 
vesicular, 5-12 cm 

thick 
None 

Bk at 5-20 cm I,  
coatings 0.1-05 mm 

Moderate 

Qa5 
(and Qa4, not mapped 
in RMS project area). 

Q3a 8-12,000 BP Similar to above, but partially dissected, bar-and-swale morphology, with distinct 
pavements 1->10 m above channels.  Rock varnish 7.5YR 3/3 to 3/3.  

Gray tones and "plumose" texture 
caused by bar and swale 

topography; minimal vegetation 
except in drainages 

10YR 7/5 silt, 
vesicular, 8-16 cm 

thick 
Bw or none 

Bk at 8-30 cm I-II,  
coatings 0.5-1.0 mm 

Moderate to Low 
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Table 3.1-3 
Characteristics of Quaternary alluvial geomorphic surfaces within RMS Project Area. 

Geomorphic 
Surface 

Equivalent 
of Bull  
(1991) 

Approximate Age*  
(from Bull 1991 and 

McDonald et al. 2003) Characteristic Morphology 
Aerial Photo 

Characteristics 

Soil-Profile Horizons  
(from Bull 1991 and confirmed in 

limited natural exposures) 

Geoarchaeological 
Sensitivity A Bw, Bt Bk, K 

Qa3 Q2c 55-75,000 BP 

Slightly dissected, planar pavements 1-6 m above channels.  Alluvial-fan deposits of 
gravel and sand that form relatively old, dissected surfaces mostly characterized by 
smooth, varnished desert pavement. Typical pavements have little or no surface relief 
and are composed of tightly to moderately packed, angular to subangular rock fragments 
and generally less than 30 percent interstitial sand. Most surfaces have a dark brown to 
nearly black desert varnish (7.5YR 3/2 to 2/3), but some surfaces are lighter in color 
owing either to a relative abundance of unvarnished or lightly varnished granitic gravel or 
to vehicular or other human disturbances that have disrupted and crushed the original 
pavement. Pavement surfaces are dissected and drained by dendritic networks of sandy 
channels that vary in depth from less than 1 m to several meters; vegetation is moderate 
in these channels but is sparse to absent on the pavement surfaces. Unit includes 
surfaces that range from only slightly dissected to deeply dissected, and that may 
represent a wide range in age (i.e., more highly dissected = older). 

Dissected but smooth black 
desert pavement on undissected 

areas; barren of vegetation 

7.5YR 7/5 silt, 
vesicular, 8-18 cm 

thick 

5YR 5/6 to 5/8 
clayey gravel, Bt 8-

30 cm thick 

Bk at 20-55 cm,  
III, coatings 1-6 mm 

Very Low 

Qa3 Q2b, Q2a >75,000 BP 

Similar to above but with increasing dissection and continued erosion of pavements and 
distance between pavement areas. Smooth pavements 2-10 m above channels.  Rock 
varnish 7.5YR 2/3 to 2/2. Little to no vegetation. May be represented in Mule Mountains, 
outside of the RMS project area. 

Dissected but smooth black 
desert pavement on undissected 

areas; barren of vegetation 

7.5YR 7/4 

5YR 5/6 to 5/7 
mottles, Bt 20-100 

cm thick 

Bk or K at 40-200 cm,  
III or IV, coatings >5 mm 

None silt, vesicular, 8-20 
cm thick 

QTa2 Q1 >1.2 Ma 

Alluvial-fan deposits of fine to coarse, poorly sorted gravel and sand that typically form 
high, deeply dissected, narrow ridges extending away from mountain fronts, and deep 
ravines. Ridge and ravine or "ballena" landform. Some ridge crests are relatively flat, 
narrow plateaus that preserve small tracts of smooth desert pavement like that of Qa3, 
but most ridge crests are sharp to rounded and have been eroded to a level below that of 
any preexisting alluvial surface. Ridges 3-40 m above channel. Rock varnish 7.5YR 3/2 
to 2/2. 

Distinctive ridge and ravine 
("ballena") appearance, with 

areas of dark remnant pavement 
limited to thin lines along the very 

peak of the ridges 

7/5YR 8/3 silt, 
vesicular, 4-12 cm 

thick 

Removed by 
erosion 

Largely removed by erosion; K 
locally V and >2 m thick, 

coatings 20-50 cm 
None 

QTmw N/A >1.8 Ma 

Not part of typical Mojave/Colorado River region alluvial fan sequence. Very old high 
inset terrace of Colorado River. Surface appears similar to very old alluvial fan, with very 
tightly packed, smooth pavement and very dark/distinct varnish, heavily dissected; 
indicative of very long period of stability. However, surface composed primarily of non-
local rounded cobbles and gravels. Based on apparent age and position on landscape, 
most likely correlative with "Unit B" of Metzger et al. 1973. Oldest Qa3 fan units cover 
and are formed from eroded portions of the QTmw deposits. 

Heavily dissected with distinct 
very dark brown hue pavement 
and lighter brown sideslopes of 

dissected ridges 

   None 

* BP = years before present; Ma = million years before present 
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3.2.1 Rock Outcrops (Sensitivity: None) 

Rock outcrops are present at the higher reaches of the piedmont, along the western side of the project area 
(Confidential Figure 3.1-5 and Confidential Figure 3.1-6).  These rock outcrops form the Mule and Palo 
Verde Mountains a nd a re composed of  h ighly di ssected be drock t hat f orm s teep, h ighly-eroded hi lls 
(inselbergs) sticking up out of the alluvial fans.  Within the project area, rock outcrops are limited to the 
northwestern portions of the project site (Section 16) and are comprised of Triassic quartz monzonite and 
monzodiorite, designated by map unit TRqm (Stone 2006).  While other types of bedrock that form the 
Mule Mountains are not present within the boundaries of the project area, they are worth noting because 
they provide portions of the parent material that forms the fans of the alluvial fan piedmont.  These other 
local r ock t ypes i nclude g neiss a nd a mphibolite ( Pgn), di orite a nd g abbro ( TRd), por phyritic g ranitics 
(granodiorite a nd qua rtz monzonite; Jp), a nd v olcanics ( including r hyolite, da cite, and amphibole; Jv). 
Rock outcrops have no potential for harboring buried archaeological deposits. 

3.2.2 Upper Alluvial Fan Piedmont (Sensitivity: None) 

The fan piedmont, which makes up the majority of the western half of the project area and the slopes west 
of the project area (Confidential Figure 3.1-5), is actually a complex of component landforms composed 
of stable fans, erosional fan remnants, erosional sideslopes, gullies, and inset fans, which themselves have 
been f urther e roded a nd redeposited dow nslope.  The f an pi edmont c an be  s ubdivided i nto two br oad 
categories, which are roughly correlative with relative age: the older upper alluvial fan piedmont and the 
younger lower alluvial fan piedmont.  

The oldest major alluvial fan structure on the piedmont is also associated with the highest elevations of 
the fan p iedmont. Map un its Q Ta2 a nd Q Tmm ( only a  v ery s mall por tion of  which e nters the R OW 
corridor in the northern portion of the project area) are very old remnant alluvial fan deposits.  These units 
have s teep g radients a djacent t o t he m ountain f ronts a nd f orm he avily e roded ba llenas, f an remnants 
having a distinctively-rounded surface of fan alluvium, as they move away from the mountains.  Although 
some very well-developed desert pavements may be preserved at the crest of the ballenas, the majority of 
the s houlder, sideslope, and f ootslopes have be en heavily e roded and no longer pr eserve t he o riginal 
pavement surface. Profiles observed on the sideslopes of these units in the western portion of the project 
area, during geoarchaeological reconnaissance surveys for this project, showed significant over-thickened 
carbonate development (Stage III+), though the amount of carbonate accumulation may be less than the 
equivalent a ge of  t he landform due  to ongoing e rosion. S tone (2006:11) concludes that the un its a re 
probably e quivalent t o the g eomorphic surface Q 1 o f B ull ( 1991), w hich a re presumed t o ha ve be en 
deposited over 1.2 million years ago (Ma).  As such, the QTa2 and QTmm units of the upper alluvial fan 
piedmont are assumed to have no potential for buried archaeological resources. 

3.2.3 Relict Colorado River Gravel Terrace (Sensitivity: None) 

Located within the fan piedmont, this landform in many ways resembles a r emnant alluvial fan deposit, 
with very well f ormed de sert pavement a t t he surface, a nd r ounded e rosional s ideslopes s imilar t o t he 
older f an un its. H owever, t his landform, de signated by  map uni t Q Tmw, i s c omposed of  l arge, well 
rounded g ravels an d cobbles. The c lasts a re a lmost ex clusively n on-local rock t ypes, w ith a w ide 
variability including cherts and other silicious rocks, cryptocrystalline quartzites and mudstones, and only 
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minor amounts of gravels derived from the Mule Mountains. This rounded cobble and gravel deposit is 
identical to the one identified by  S tone ( 2006) i n t he McCoy W ash a rea approximately 12 m iles 
(approximately 19.3 kilometers)  north, and at almost the exact same elevation approximately( 443 to 476 
feet (135 to 145 meters) above mean sea level [AMSL]). The well rounded cobbles and their exotic origin 
clearly demonstrate that they were deposited by the paleo-Colorado River during an aggradational event 
when the r iver f lowed at m uch higher elevations t han today. Superposition above Palo Verde Mesa 
indicates that the formation predates the incision and subsequent emplacement of the Qpv river terrace 
(see Confidential Figure 3.1-5). This relict Colorado River gravel terrace may represent the upper portion 
of Metzger et al’s Unit B; if so, the landform likely dates to the Pliocene or early Pleistocene (Metzger et 
al. 1973:G22; Stone 2006:12). 

As noted above, t he surface characteristics of  this l andform appear similar to an older Pleistocene fan, 
suggesting t hat the or iginal C olorado R iver g ravel deposit w as l ikely s ubjected t o po st-depositional 
erosion f ollowed by  s tabilization s ometime dur ing t he P leistocene—perhaps c orrelative w ith t he 
deposition of  the P alo V erde M esa ( Qpv) a lluvium. T he r ounded g ravels a nd c obbles of  t he r elict 
Colorado River terrace have been reworked and redeposited, to varying degrees, in the younger alluvial 
fan units of the lower fan piedmont. Some higher elevation portions of the Qa3 fans have mantled on top 
of the QTmw terrace (Confidential Figure 3.1-6), while other portions have eroded through and bisected 
the terrace, thus transporting t he rounded cobble m aterial further downslope. Based on limited field 
observations, t hese r edeposited co bbles ap pear t o h ave b een t he p rimary so urce f or li thic a rtifacts 
identified on the Qa6 (and to a  lesser degree Qa3) fans. D ue to the age o f the landform, the relict 
Colorado River gravel terraces are presumed to have no sensitivity for buried archaeological resources, 
although some artifacts have been incorporated into the desert pavement surface of the landform and are 
likely of considerable antiquity. 

3.2.4 Lower Alluvial Fan Piedmont (Sensitivity: None to High) 

The lower portions of  the alluvial fan piedmont within the project area are composed of geologic units 
Qa3, Qa5, and Qa6. Each of these units represents a period of fan building.  These periods have coalesced 
to form the fan piedmont.  Compared to the older upper portions of the piedmont, these fans form a more 
gradual slope. These Late Pleistocene to Late Holocene alluvial fans are equivalent to Q2, Q3, and Q4a 
units of Bull (1991). 

Qa3 is the oldest of the lower piedmont fan units.  These fans are typically covered with a smooth, well 
varnished de sert pavement c omposed pr imarily of a ngular to subangular l ocally d erived g ravels and 
cobbles.  The landform generally lacks evidence of bar and swale topography, but is heavily dissected in 
places by erosional gullies and channels. Confidential Figure 3.1-7 shows a typical surface pavement for 
the Q a3 fans, though the degree o f d esert v arnish i s i nconsistent d ue to v ariability i n p arent m aterial 
across the Mule M ountains an d v ariability i n t iming o f d eposition (i.e., L ate P leistocene t o ea rliest 
Holocene). Vegetation i s l argely ab sent e xcept i n t he er osional g ullies. S tage II t o III car bonate 
development i s evident i n the limited subsurface p rofiles o bserved o n t he Q a3 f ans w ithin the p roject 
area. 

The Q a3 fans l ikely f ormed r oughly co incident to the em placement o f the P alo V erde m esa a lluvium 
(Qpv; see below) a nd pr ior t o s ubsequent i ncision by  t he C olorado R iver. The Q pv a lluvium w as 
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deposited as the floodplain of the river, and, as such, acted as the local base level at the time the Qa3 fans 
were deposited. This is demonstrated by the interfingering of Qa3 and Qpv sediments (Stone 2006:11). 
As s uch, the Q a3 f ans w ere p rimarily de posited d uring t he P leistocene, p rior t o the incision o f t he 
Colorado River below the Qpv terrace deposits (see below).  This correlates with Bull’s (1991) Q2 fan 
units which date from 12 to 730 thousand years ago (ka).  The fans are primarily as old as, or older than, 
the first documented evidence for humans in the New World, and, as a result, have a very low potential 
for buried archaeological deposits. 

Qa5 is the next youngest fan unit present on the alluvial fan piedmont within the project area. The unit is 
not well represented within the project area, but is gradational to the older portions of the Qa6 fan unit 
(i.e., some minor areas mapped as Qa6 may be closer to Qa5 in both morphology and age). These fans are 
typified by bar and swale morphology that decreases in intensity further from the apex of  the fan. The 
fans are o nly p artially d issected b y e rosional g ullies an d have a w eak t o m oderately p acked su rface 
pavement w ith l ight v arnish. The ba rs a re dom inated by g ravels w hile the intervening s wales a re 
dominated by  s maller pe bbles a nd s ands t hat h ave i nfilled t he or iginal c hannels.  Vegetation i s larger 
within t he swales, but also p resent on so me b ars. S ubsurface p rofiles o bserved w ithin t he p roject area 
have S tage I  t o w eak S tage I I c arbonate de velopment. T his m orphology a nd s ubsurface c arbonate 
accumulation is equivalent to Bull’s (1991:86) Q3c and Q3b fan units which date from 2 to 8 ka.  

It is difficult to assess the sensitivity for paleosols and associated buried archaeological deposits without 
knowing the nature of the stratigraphic contacts between the Qa5 alluvial fans and any underlying older 
geomorphic units. No paleosols were noted in any of the natural exposures observed in the project area. 
Based on pr evious s tudies i n t he B asin a nd R ange, a lluvial f ans a re of ten un derlain by  a n e rosional 
unconformity t hat precedes de position o f t he f an ( URS 2010;  B ull 199 1:68, 73).  This ef fect i s l ess 
pronounced a t t he f oot of  t he fans, w here sediments are u sually more f ine-grained a nd 
erosional/depositional energy i s lower. As such, the Qa5 por tions of  the fan piedmont a re presumed to 
have a g enerally low sensitivity for buried archaeological resources, with s lightly increased (moderate) 
sensitivity a t the d istal margins o f the f ans, where they mantle o lder deposits o f the Palo Verde Mesa 
(Qpv; see below). 

Qa6 i s the youngest fan unit represented on t he alluvial fan piedmont. As di scussed above, this uni t i s 
gradational t o t he Q a5 unit, bu t g enerally e xhibits a  morphology t hat i s i ndicative of  a  y ounger 
geomorphic surface.  This includes a surface that exhibits bar and swale morphology grading to recently 
abandoned bar and channels in some locations. Surfaces closer to the Mule Mountains and older fan units 
are characterized by loosely packed cobbles, coarse gravels, and sands, while the d istal portions of the 
fans are dominated by finer grained sediments (pebbles and sands; Confidential Figure 3.1-8).  Little or 
no varnish is present. Vegetation is present across the fan surface, but varies from sparse to moderately 
dense. Subsurface profiles exhibit Stage I  carbonate development or  none at a ll.  T his morphology and 
subsurface carbonate accumulation is consistent with Bull’s (1991:86) Q4a fan unit which dates to 0.1 to 
2 ka, but may be more similar to Q3c (2-4 ka) in places. Sensitivity for buried archaeological resources is 
presumed to be similar to that of the Qa5 map unit. 

Within the majority of the project area—except for the northwestern extent of the transmission line and 
substation alternatives where the fan piedmont grades out  to a  broad alluvial f lat ( see be low)- the Qa6 
fans terminate at a topographical barrier created by the Palo Verde Mesa. In profile, the western extent of 
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the m esa cr ests and then f orms an  a lmost imperceptible backslope (dipping t o the w est; C onfidential 
Figure 3.1-9). This backslope was l ikely created through erosion rather than tectonic t ilting, as tectonic 
activity i s t hought t o ha ve be en do rmant i n the area p rior to em placement of t he C olorado R iver 
sediments (Metzger et al. 1973:G36).  In many locations, a very small erosional gully has formed at the 
contact between the toe of the Qa6 fan and the backslope of the Palo Verde Mesa, draining north or south 
to the nearest active wash (Qw; see below).  This distal margin contact of the Qa6 fan represents the most 
likely location for preservation of paleosols, due to it being the lowest energy depositional setting of the 
Qa6 fan unit, and the potential for burial and preservation of the underlying Qpv surface. 

3.2.5 Colorado River Terrace (Sensitivity: Very Low) 

Palo Verde M esa, which forms the 70-foot-high c liff along t he edge of the modern Colorado River 
floodplain (Palo Verde Valley), i s t he result of a series of aggradation and p rogradation e vents by  t he 
paleo-Colorado River.  A diagram of the series of events that led to the multiple terraces and floodplain 
landforms observed today in the Palo Verde region was developed by Metzger et al. (1973:Plate 4) and is 
reproduced here in Confidential Figure 3.1-5.  The landform mapped here as a Colorado River terrace and 
designated by map unit Qpv (Confidential Figure 3.1-2) is equivalent to Units D and E of Metzger et al. 
(1973:G24). The b reak i n s lope i n the m iddle o f the P alo Verde Mesa, ev ident i n cr oss section 
(Confidential Figure 3.1-5), is designated by the dotted line on Confidential Figure 3.1-5. 

The Colorado River terrace deposits are characterized by a very thick deposit of stratified clays, silts, and 
sands, with minor gravels. The surface of the landform is characterized by tan to l ight-gray, sandy and 
pebbly alluvium. This overlies the cliff-forming unit of light-reddish-brown bedded fine-grained material. 
There i s co nsiderable v ariability i n the surface e xpression o f t he t errace d eposits, w ith so me ar eas 
containing s and a nd pe bbly s and w ith a  m ixture of  l ocal a nd r iver g ravels ( equivalent t o U nit E  o f 
Metzger et  al. 1 973), and other ar eas largely l acking l arger clasts ( equivalent to U nit D ; C onfidential 
Figure 3.1-10). The terrace deposits are mostly devoid of the bar and swale morphology of the younger 
fan units, but are minimally dissected by erosional gullies.  An extensive marker bed, consisting of well-
developed, blocky red clay, was observed in several of the larger wash profiles near the top of the Qpv 
strata ( Confidential F igure 3 .1-11). T his bed i s co nsistent w ith o ther l ocations along P alo Verde Mesa 
where vertebrate Pleistocene fossils have been found and that are interpreted as having been deposited in 
small, shallow floodplain lakes (Metzger et al. 1973:G25). 

Due to the unconsolidated, f ine-grain nature of the surface of  this landform, i t is of ten very di fficult to 
distinguish Qpv i n the f ield f rom t he d istal margins of  t he Qa6 a lluvial fans.  The s urface of the Qpv 
terrace de posits have be gun t o e rode down into underlying pe dogenic carbonate s oil hor izons in s ome 
locales.  A s a r esult, small carbonate pebbles have eroded out and been incorporated into the surface of 
the l andform.  T hese c arbonate pebbles, or pe ds, a re a bsent on the Q a6 f ans.  The ch ange in sl ope 
between the backslope of the terrace deposits and the distal edge of the Qa6 fans, described above (and 
shown in Confidential Figure 3.1-9), is readily identifiable in the project’s GIS and is, perhaps, the best 
means of identifying the contact. 

The Colorado River terrace deposits have been assigned a date of middle to Late Pleistocene based on the 
presence of  f ossils (Metzger e t al. 1973 :G25).  As such, they a re considered too old t o contain bur ied 
archaeological deposits. The only caveat to this assessment lies in the unconsolidated nature of much of 
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the Qpv surficial deposits. While these unconsolidated f ine-grain deposits are conducive to erosion and 
transport into the larger w ashes and o ff o f the P alo Verde M esa, it is a lso p ossible t hat s ome o f t his 
transported material has been redeposited on the mesa surface as thin eolian and/or alluvial deposits. Such 
deposits observed within the project area are limited (1 to 2 meters across) and are generally very thin (a 
few cen timeters). While t here i s p otential t hat t hese ar eas o f r edeposited f ine-grain sed iment co uld 
obscure archaeological deposits, it is unlikely that they would completely obscure an archaeological site. 
Furthermore, buried artifacts and/or features are likely to be similar to those found across the rest of the 
site.  As such, the Colorado River terrace landform of Palo Verde Mesa has a very l ow sensitivity for 
buried archaeological resources. 

3.2.6 Alluvial Flat (Sensitivity: Moderate to High) 

The alluvial flat, located in t he nor thwestern portion of the project a rea near the transmission l ine and 
substation a lternatives, r epresents t he e astern e xtent of t he C huckwalla V alley.  T he m ajority of  t he 
alluvial flat is composed of the distal portions of the Qa6 fans. As such, this area could also be considered 
an a pron o f t he l ower f an pi edmont.  However, al luvial f lat i s p referred h ere because i t d escribes the 
properties of the geomorphic surface– a nearly level alluvial surface at the base of the piedmont– without 
assuming genesis from a single parent landform, and without inherent morphological assumptions. Within 
this area, the Qa6 fan surface is composed of primarily fine-grain material with limited gravels and little 
or no relief.  Also present on the alluvial flat are areas that have been mapped as eolian sands (Qs). These 
are unconsolidated sand dunes and sheets that have blown east from the Chuckwalla Valley and Ford Dry 
Lake, and mantle the Qa6 alluvial deposits.  Smaller areas of eolian sand occur locally in other portions of 
the alluvial flat but have not been mapped due to their limited areal extent. 

As with other portions of the distal Qa6 fans and Palo Verde Mesa river terrace deposits, differentiation 
between the two un its can be difficult in the no rthwest po rtion of the project area.  This is f urther 
complicated by the presence of eolian sands that, when deposited as a small, thin sheet, are similar to the 
unconsolidated, f ine grain por tions of t he r iver t errace landform.  The a lluvial flat generally is  a  very 
young landform at the surface.  The flat, distal portions of the lower alluvial fan piedmont are presumed 
to be dominated by the latest Holocene alluvium, while the eolian sand that mantles it is even younger. 
No subsurface exposures were observed within the alluvial flat, thus, the presence and condition of any 
paleosols i s unknown.  However, t he geoarchaeological sensitivity i s considered t o b e s imilar t o t hose 
portions o f the Q a6 f ans t hat mantle t he P alo V erde Mesa terrace d eposits ( i.e., moderate).  A hi gher 
sensitivity can be assumed for those areas mapped as Qs, as these are very recent deposits that can easily 
obscure su rface artifacts.  Small unm apped areas of  e olian s and, w hile po tentially obs curing i solated 
artifacts or features, are small and thin enough that they are unlikely to obscure complete sites. Any sites 
obscured b y Q s d eposits are likely t o be relatively y oung ( less than ca.  1 k a) d ue t o t he ag e o f the 
underlying Qa6 deposits. 

3.2.7 Active Wash (Sensitivity: Low) 

This landform, mapped as unit Qw, is comprised of unconsolidated sand, gravel, and boulder deposits of 
the larger active channels, as well as component landforms related to the active channel.  While the active 
wash is primarily an erosional structure, small depositional features, such as inset fans and terraces and 
fine overbank deposits, are the result of deposition by the channel and are subsumed in this map unit. The 
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active washes are dominated by gravel bar and sandy channel surface morphology (Confidential Figure 
3.1-8). M apped a reas include bo th large i ndividual w ashes an d c losely spaced sm aller w ashes.  
Vegetation w ithin the w ashes is g reater than a nywhere e lse i n the p roject area d ue t o the g reater 
availability of water.  The active washes are modern in age, equivalent to the Q4b geomorphic surface of 
Bull (1991), but, for the most part, have no sensitivity for buried archaeological resources as the result of 
ongoing active erosion. 

Certain m inor c omponent l andforms of  the a ctive w ashes a re de positional. T he l argest of  these 
component l andforms a re t he i nset f ans o r s tream t erraces. These l andforms ar e cr eated through 
deposition along the margins of  the active channel, and are confined by the channel and adjacent older 
higher e levation landforms ( e.g., t he e rosional s ideslope of  Q pv or  Q a3). A lthough t hese c omponent 
landforms are young and depositional in nature, they are generally considered to have a low potential for 
paleosols an d asso ciated b uried archaeological r esources due t o t heir deposition on an  erosional 
unconformity.  A s demonstrated on C onfidential Figure 3.1 -9, t he i nset f ans and terraces o f the act ive 
washes a re laid d own i n areas t hat w ere p reviously sco ured b y t he ac tive ch annel—thus c reating a n 
unconformity a nd s ignificantly r educing t he l ikelihood of  pr eservation of  a rchaeological r esources.  In 
general, the active washes and component landforms are considered to have a low sensitivity for paleosols 
and associated buried archaeological deposits. 

3.2.8 Modern Alluvial Fan and Floodplain (Sensitivity: Moderate to High) 

These d istinct l andforms ar e d iscussed together here because o f t heir c lose functional r elationship and 
because they both have very l imited presence within the project area.  Modern alluvial fan deposits are 
mapped as Q m an d r epresent the d epositional eq uivalent o f the ac tive w ashes, w here the w ashes 
débouché f rom t he P alo Verde Mesa on to t he modern a lluvial f loodplain o f t he C olorado R iver.  The 
modern floodplain deposits are mapped as Qr. Both units are composed of unconsolidated clay, silt, and 
sand, and are largely undifferentiable in the field due to the interfingering of the deposits and the degree 
of agricultural disturbance across the Palo Verde Valley up to the base of the mesa.  For the purposes of 
this s tudy, t he m odern a lluvial f an landform w as m apped f rom t he e dge of  P alo Verde Mesa to t he 
beginning o f a gricultural f ields.  Due to the young age of  bot h of these l andforms ( latest Holocene t o 
modern), a nd t heir de positional na ture, t hey a re c onsidered t o ha ve a  hi gh potential f or c ontaining 
paleosols and associated buried archaeological resources. 

The modern floodplain deposits (Qr) represent the most recent aggradational cycle of the Colorado River, 
and are equivalent to “younger alluvium”  de fined by Metzger et al. (1973) (Confidential Figure 3.1-5).  
The scale of the river’s degradation and aggradation is demonstrated by the presence of charcoal from 57 
feet ( ± 17.4 m eters) below the floodplain sediments near Blythe that was dated to 5,400 before present 
(BP), a nd t o 8,600 BP f rom 110 feet ( ± 33.5 meters) below s urface ( Metzger e t al. 1973 :G28). I f t he 
surface of the Palo Verde Mesa terrace deposits (Qpv) represent the Late Pleistocene floodplain surface, 
this means that well over 200 vertical feet (± 61 m eters) of sediment was eroded out of the Palo Verde 
Valley during t he Late Pleistocene, and over 100 f eet (± 30.5 meters) of sediment has f illed t he entire 
Blythe-Palo Verde Valley since the river began to aggrade again at the onset of the Holocene.  In many 
ways, the scale and rapidity of this deposition precludes the accumulation o f large stratified 
archaeological si tes, an d suggests t hat b uried ar chaeological s ites ar e m ore l ikely t o b e s maller, 



SECTIONTHREE Project Landforms 

 W:\27652105\Revised Geoarch RD 10-25-12\RMS Revised Geoarch RD 10-25-12.docx\25-Oct-12\SDG 3-17 

temporally discreet deposits. Nonetheless, the potential for paleosols and buried archaeological deposits is 
considered to be high.  

Buried s ites w ithin t he m odern floodplain a re likely t o be  l ocated w ithin close p roximity t o pa leo-
channels o f t he C olorado River.  I t ha s be en well documented t hroughout C alifornia t hat s ites t end t o 
cluster n ear i mportant resources, s uch as rivers an d l akes, a nd the effect i s only heightened in arid 
environments where water is a highly valuable resource.  The same is true in buried contexts (Meyer et al. 
2009). Therefore, the identification o f a rchaeological de posits w ithin the m odern fan a nd f loodplain 
landforms w ill b e f acilitated by  t he identification o f pa leochannel d eposits. These d eposits w ill be  
characterized by  c oarser grain c hannel be d f orms t hat a re d istinct from t he s urrounding f ine-grain 
alluvium.  These paleochannels are more likely to be located within the body of the floodplain than on the 
margins.  Therefore, the geoarchaeological potential of the Qr and Qm deposits within the project a rea 
(i.e., directly adjacent to Palo Verde Mesa) may be diminished compared to other locations further afield 
in the floodplain. 

3.3 PROCESSUAL LANDFORM DEVELOPMENT OF THE PROJECT AREA 

Based on the landform descriptions above, study of the Palo Verde Mesa (Metzger et al. 1973), and the 
broader regional correlations with well-studied and dated l andforms ( e.g. Bull 1991; Enzel, Wells, and 
Lancaster 20 03; M almon e t a l. 20 11), t he f ollowing narrative l andscape e volutionary hi story ha s been 
developed for the Project area: 

The p lutonic a nd v olcanic r ock uni ts, w hich f orm t he M ule M ountains, w ere emplaced du ring t he 
Mesozoic Era (ca. 65.5 to 251 Ma) as part of the larger Cordilleran and Andean arc magmatism.  These 
units w ere s ubsequently de formed a nd upl ifted d uring t he L ate C retaceous ( 65.5 to 99.6 Ma) in 
association with the Mule Mountains thrust fault (Stone 2006:7).  Erosion of these uplifted rock units was 
likely ongoing during this time, though the earliest surficial evidence of any erosion in the vicinity of the 
Project area is represented by map unit QTa2. The QTa2 is a very old alluvial fan, located at the highest 
elevation of any fan unit in the Project vicinity, directly fronting the Mule Mountains rock outcrops.  The 
unit h as s ince be en he avily e roded, r edeposited, a nd/or bu ried, l eaving r elatively s mall, di scontinuous 
areas o f d eeply d issected narrow r ounded r idges ( ballenas) w hich ha ve be en mostly e roded be low t he 
level of any original surface pavement.  In a few locations, at the peaks of ballenas, a flat lying, heavily 
varnished and imbricated pavement is still present, overlying a thick caliche horizon. Alluvial fans of this 
type are extensive throughout the Mojave region and are believed to have been deposited prior to 1.2 Ma 
(Bull 1991) and may be as old as the Miocene (>5.3 Ma). During that time, the fan unit was probably very 
extensive, forming large fan skirts (bajadas) along the mountain fronts.  

Sometime dur ing or  s ubsequent to the initial f ormation o f t he Q Ta2 fan, the Colorado R iver flowed 
through t he P roject a rea, at a n e levation m uch g reater t han t oday ( at l east 420 f eet A MSL, v ersus 
approximately 260 feet AMSL today).  Depositional evidence of this is preserved in the QTmw deposits. 
As discussed above, this is a relatively high-energy fluvial deposit, the surface of which is represented by 
well-rounded e xotic g ravels a nd c obbles t ransported f rom far upstream.  These pa leo C olorado R iver 
deposits were first recognized north of the Project area in McCoy Wash, at a similar elevation above Palo 
Verde Mesa ( Stone 2 006). T he r elationship b etween t he Q Tmw t errace deposits an d t he Q Ta2 f an 
deposits is unclear, as both have been heavily eroded since original deposition and are no longer found in 
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direct association (at least at the surface). The QTmw terrace is likely associated with the upper portion of 
“Unit B” of Metzger et al. (1973) as shown in cross-section “A” on Confidential Figure 3.1-4. Metzger 
et a l. (1973:G22-G23) d escribe U nit B  as  sequence of h eterogeneous fluvial d eposits of  t he C olorado 
River, composed of silt, sand, gravel, and a minor amount of clay; “A unique lithology of unit B is the 
lenses of Colorado River pebble-cobble gravel… The gravel is made up of pebbles and cobbles that came 
from many miles u pstream, an d o thers t hat c ame f rom t ributaries. Those f rom u pstream so urces ar e, 
rounded to well rounded and are composed of dense rocks [including quartzites and cherts]… from 6 to 8 
inches in diameter. Initial deposition of Unit B occurred during the Pliocene or early Pleistocene (1.8 to 
5.3 Ma). 

Following t he deposition of U nit B  a nd t he p resumed a ssociated QTmw t errace de posit, the C olorado 
River experienced a major degradational period, which eroded large portions of, and deeply into, Unit B, 
creating a large valley (Confidential Figure 3.1-4, cross-section “B”).  This erosional period may have 
occurred as a result of extensive glaciation and lowered sea levels during the Pliocene. 

At a certain point, the Colorado River transitioned to a major aggradational regime. Several hundred feet 
of alluvium, consisting of variable units of sand, mud, and minor gravels were deposited by the river over 
this period (Confidential Figure 3.1-4, cross-section “C”). As described above, these deposits form the 
Palo Verde Mesa (Qpv) landform, and the “Unit D” of Metzger et al. (1973).  Although Metzger et al. 
(1973:G29) were hesitant to ascribe this depositional event to the Chemahuevi Formation—because of a 
belief that t he C hemahuevi w as f ormed unde r l acustrine conditions a nd a n i mpoundment of  t he r iver 
upstream of  Blythe—a more recent analysis of formations and dating along the length of the Colorado 
River, s uggest t hat there i s a n extensive de posit dow nstream of  t he G rand C anyon, t hat c an b e 
functionally c orrelated, w ith s ome l ocal v ariation ( Malmon e t a l. 2011 ).  Within the Project ar ea, t his 
depositional unit is represented by the Palo Verde Mesa (Qpv) deposits, but can be variably referred to as 
a local variation of the Chemahuevi Formation. 

The gradient of this formation, over the 700km course of  the r iver between the Grand Canyon and the 
Gulf of California, i s a lmost 50% s teeper than the modern f loodplain (prior t o construction of Hoover 
Dam) s uggesting t hat this depositional p eriod oc curred r elatively qui ckly a nd as a  result of  i ncreased 
sediment s upply r ather t han ba se-level r esponse ( Malmon e t. a l 2011: 66)1. Numerous da tes ha ve be en 
obtained for the Palo Verde Mesa deposits and the wider Chemehuevi Formation, including relative dates 
associated with fossil finds, radiocarbon dated wood, luminescence of quartz grains, and Uranium series 
dates of  carbonates (both i n s oil a nd from f ossils; Malmon e t a l. 2011:39).  For the Palo Verde M esa 
locale, numerous fossils have been found within the Colorado River deposits.  All of these are Pleistocene 
taxa that occurred after 1.7 Ma, but few have been directly dated. Of the few radiocarbon dates obtained 
for the wider Chemahuevi Formation, all returned dates at or above ca. 40,000 BP, near the limit of the 
radiocarbon method; which raises doubts as to the efficacy of  those results.  Luminescence dates f rom 
numerous locales are nicely bracketed between >40,000 and approximately 70,000 BP.  These dates, and 
chemical correlation be tween tephra layers i n t he nor thern ou tcrops of  t he f ormation, a nd those 
documented from M ammoth L akes, indicates t hat t he C hemhuevi F ormation ( including t he l ocal P alo 
                                                      
1 Aggradation resulting from an increase in base level typically results in a moderately flat gradient, as sediment is 
deposited relatively evenly along the length of the watercourse, as a result of rising waters. Conversely, deposition 
during periods of increased sediment load with a lack of equivalent hydrologic increase, results in more material 
dropping out of suspension upstream, and decreasing downstream (thus resulting in a steep gradient). 
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Verde M esa oc currence) was de posited be tween a pproximately 55,000 a nd 7 5,000 B P ( Malmon e t a l. 
2011:37-47). 

Soon after deposition of the bulk of the Palo Verde Mesa deposits, the Colorado River underwent a minor 
degradation o r f luctuation, w hich r esulted i n the e rosion of  a  m inor t errace i n t he f ormation a nd t he 
widespread deposition of a near-channel sand unit (Unit E in Confidential Figure 3.1-4, cross-section 
“D”).  As discussed in the previous section, this upper sand unit contains sands and minor gravels of both 
local (Mule Mountains) and exotic (upstream) derivation. Both Metzger et al (1973) and Malmon et al. 
(2011) group this minor sand unit with the larger formation, indicating that it was deposited soon after the 
cessation o f t he l ower “ Unit D ” s edimentation ( Confidential F igure 3.1-4) a nd i s part of  a s ingle 
aggradation/degradation cycle. A s the C olorado R iver b egan to d egrade f urther, an d stopped ex erting 
influence on the Palo Verde Mesa (Qpv) landform, the landform entered a stabilized regime. 

As discussed in the Paleontology section of the AFC for this project (URS 2011) a distinct “paleosol” has 
been identified at or near the surface of the Palo Verde Mesa (Chemehuevi Formation) deposits. While 
use of the term paleosol is questionable in this situation, given that it is largely present at the surface and 
not buried, the degree of soil development is indicative of the fact that the sediments remained relatively 
stable, a t t he s urface, f or t he m ajority of  t he t ime s ince their de position ( i.e., f or > 40,000 y ears). 
Variability i n c arbonate m orphology a nd ot her pe dogenic i ndicators seen a cross t he P alo Verde Mesa 
“paleosol” ar e indicative o f v ariable erosion o f t he surface o ver time an d d uring so il f ormation.  This 
erosion is also indicated by the presence of  di stinct carbonate peds incorporated into the surface over a 
large portion of the landform (i.e., carbonates formed during initial pedogenesis were subsequently eroded 
out). A radiocarbon date of ca. 13,500 calendar years for a fossil tortoise shell fragment—reported in the 
Paleontology section of the AFC—does not indicate that the paleosol or the associated Qpv/Chemehuevi 
Formation was deposited at that time, but simply that the tortoise existed at the surface of the formation 
and burrowed into it during the terminal Pleistocene. Indeed, the Paleontology report acknowledges that 
the vast majority of fossils present within the Palo Verde Mesa paleosol are burrowing animals and that 
larger species a re o nly r epresented “ if rodents o r carnivores d rag p ieces o f the s keleton into t heir 
burrows” (URS 2011:5-2). 

During the late Pleistocene, at approximately the same time as the deposition of the Palo Verde 
Mesa/Chemehuevi F ormation, sed iment w ithin t he Mule Mountains w as t ransported d ownslope as an 
extensive a lluvial fan uni t, m apped he re a s Q a3 (after S tone 200 6).  Based o n s urficial m orphology 
(described in the previous section and summarized in Table 3.1-3), the higher elevation portions of this 
landform, closer to the Mule Mountains rock outcrops, are equivalent to the Q2c alluvial fans described 
by B ull ( 1991).  These alluvial f an u nits exhibit a v ery t ightly p acked an gular t o su bangular surface 
pavement, w ith the darkest c olor o f a ny of  the C olorado R iver r egion f an u nits ( Bull 1991 :64-65). 
Pavement surfaces are dissected and drained by dendritic networks of sandy channels that vary in depth 
from less than 1 m to several meters.  Dating of this widespread landform throughout the Mojave region 
using various dating techniques—from uranium-series dating of pedogenic carbonate to calibrated fault 
slip r ates b ased o n of fset within t he fan un it—provides a  r ange of  c a. 55,000  t o 75,000;  remarkably 
similar to the dates obtained for the Chemehuevi Formation.  This consistency highlights the conclusion, 
demonstrated by numerous researchers in the Mojave/Colorado River region, that massive aggradations 
of valley f loors and piedmonts seem to have been r elatively r are occurrences which are recorded on a 
regional scale (Bull 1991:104). The Qa3 alluvial fans sit lower than the older QTa2 fans, and were likely 
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deposited a fter e rosion of , a nd i nclude r eworked s ediments f rom, t he Q Ta2 f ans a nd Q Tmw t errace 
deposits. 

Given the established timing discussed above for the deposition and stabilization of the Qpv/Chemehuevi 
Formation, i t i s pr obable t hat t he dr amatic incision of  t he C olorado R iver i nto t he P alo V erde V alley 
(Confidential Figure 3.1-4, cross section “E”) occurred during the last glacial maxima (ca. 21,000 to 
18,000 BP) in response to dramatically lowered sea levels.  This period of degradation is also reflected in 
the distal portions of the Qa3 map unit, which is more of an erosional landform and contains much less 
preserved pavement (and thus a lighter color when viewed on aerial photos). 

Beginning a t th e P leistocene-Holocene t ransition, t he C olorado R iver a nd t he s urrounding pi edmonts 
began t o ag grade o nce ag ain (Figure3.1-4, cross section “F”).  As s ea levels b egan t o r ise an d v ast 
amounts of sediment were mobilized, due to a lack of vegetation cover keeping pace with the changes in 
temperature and p recipitation, t he C olorado R iver e ntered a n aggradational pe riod a nd the P alo Verde 
Valley began to infill.  As discussed above, a radiocarbon date from 110 feet below the modern floodplain 
surface (map unit Qr) returned a date of approximately 8,600 BP.  This date was not from the base of the 
Holocene floodplain de posits, a nd it i s l ikely t hat the deepest po rtions of  t he f loodplain sediments 
corresponds to t he m ajor environmental pe rturbations of  t he terminal P leistocene, w ith sedimentation 
ongoing through much of the Holocene.  

Within the Project area, the fan piedmont also entered another major period of aggradation at this time. 
The Qa5 and Qa6 alluvial fan units discussed above are terminal Pleistocene to Holocene in age.  Based 
on surface morphology, the Qa5 units, and some limited proximal portions of the Qa6 fan units closer to 
the Mule Mountains, appear to be equivalent to Bull’s (1991) Q3a and Q3b fan units.  These alluvial fans 
form relatively young, undissected to little-dissected, unvarnished to lightly varnished surfaces typically 
displaying bars and swales modified from original depositional bars and channels.  Based on radiocarbon 
and ur anium-series da ting f rom ot her mountain r anges i n t he M ojave Desert region ( Bull 1991), t hese 
alluvial fans were deposited b etween approximately 4,000 a nd 11 ,000 B P. The Qa6 f ans, on the other 
hand, represent the most recent episode of alluvial fan deposition. Based on surface morphology—a lack 
of desert varnish on surface c lasts, l ack of pavement, and distinct bar and channel morphology—these 
map uni ts w ere largely de posited in t he l ast 2,0 00 y ears (equivalent t o fan e pisode 4a  o f B ull 1991 ). 
Within the distal reaches of the piedmont, closer to Palo Verde Mesa, the Qa6 fan is composed of finer 
grain sediments and may mantle o lder f an units such as the Qa5 and Qa3, as well as intermediate f an 
episodes (i.e., Qa4 of early Holocene age) not defined on the surface of the proposed project area. 

Throughout the geomorphic history of the Project area, described above, the Colorado River has acted as 
the local base level for water coming out of the mountains. Given the elevation of the Palo Verde Mesa 
and Mule Mountains piedmont above the river, it can be assumed that the larger washes (Qw) which are 
active today, have been active since the late Pleistocene (Confidential Figure 3.1-4 cross sections “D” 
and “E”), when the Colorado River incised the Palo Verde Valley and water coming off the piedmont 
was forced to cut through the mesa (Chemehuevi Formation) in order to reach the river. 

3.4 PRELIMINARY SUMMARY OF GEOARCHAEOLOGICAL SENSITIVITY 

The f ield-verified f indings f rom t his g eoarchaeological r econnaissance o f t he R io M esa S EGF p roject 
area are consistent with previous findings from the other Basin and Range contexts.  In a recent summary 
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of the nearby Mojave Desert region, Sutton (1996) concludes that, contrary to the popular belief that all 
archaeological si tes exist in su rface contexts, “there are… many depositional environments [within the 
Basin and Range], and there is a great potential for buried sites in many areas… e.g., along the Mojave 
River, along lakeshores, and in cave sites” (1996:225). Given results from other locations (e.g., Roberts, 
Warren, and E skenazi 200 7), dune  complexes, s prings, a nd ot her a reas w ith widespread e pisodic a nd 
stabilized eolian deposition should also be added to the list.  All of these landform types are largely absent 
from the current study area, which is consistent with an overall low sensitivity for buried archaeological 
sites within the landforms of the project area. 

The fine grain distal margin of the lower alluvial fan piedmont (unit Qa6), which may be mantled on top 
of Pleistocene Colorado River terrace deposits of Palo Verde Mesa (Qpv) and possibly older alluvial fan 
units (Qa5, Qa4), may represent the most extensive geomorphic feature in the project area that has the 
potential for buried archaeological deposits (with no surface manifestation).  However, the degree of this 
potential is largely unknown due to a lack of subsurface exposures at this contact.  Based on observation 
of s urface s ites on the fan pi edmont, one  of  the pr imary na tural resources a ttracting pr ehistoric 
populations to the project area was the extensive quartzite, chert, and cryptocrystalline river cobbles that 
have b een r edeposited acr oss t he fans from th e r elict C olorado R iver g ravel te rrace ( QTmw). S imilar 
rounded, exotic materials are present in smaller amounts on limited portions of the Qpv surface (in areas 
equivalent to U nit E  o f M etzger e t a l. 197 3).  These g ravels an d co bbles t end to be smaller an d l ess 
frequent t han those obs erved on t he fan pi edmont, but , none theless, m ay ha ve a cted a s a n a ttractive 
toolstone source prior to deposition of the younger portions of the fan piedmont. As such, any sites buried 
by the Qa6 and Qa5 fans are likely to be similar to those observed on the fan surface (i.e., dominated by 
lithic assays and associated expedient tools) but of greater antiquity. 

Although composing a much smaller portion of the project area, places where unconsolidated and active 
eolian s ands ( Qs) h ave o bscured a lluvial landforms also have t he p otential for b urying ar chaeological 
resources.  The most extensive of these sand sheets is present at the very northern extent of the project 
area on the alluvial flat landform in the Coachella Valley proper [?].  Smaller localized eolian features, 
found on t he Colorado River t errace (Palo Verde Mesa) and t he northern a lluvial flat, appear to be  so 
limited that they are unlikely to obscure any significant portion of an archaeological site. 

Finally, t he y oung a ctively a ggrading a lluvial s ediments of  t he m odern a lluvial f an (Qm) a nd alluvial 
floodplain (Qr) generally have a high potential for burial of archaeological sites.  These landforms have a 
very limited presence in the Project area. 

A secondary conclusion of  this geoarchaeological s tudy i s that prehistoric site locations within the Rio 
Mesa Solar study area seem to largely covary with the availability of raw lithic materials.  The series of 
coalescing fans that make up the alluvial fan piedmont west of Palo Verde Mesa have their source in the 
Mule Mountains.  The dominant parent material present above these fans is quartz monzonite, with more 
limited ou tcrops of  g neiss, di orite, g ranodiorite, w ith l imited ot her v olcanics ( rhyolite, da cite, a nd 
amphibole).  Much of th is material has l ittle u tility for p rehistoric tool making. A t the s ame time, the 
quartzite, cryptocrystalline, and chert cobbles and gravels of the relict Colorado River t errace (QTmw) 
have been eroded and reworked into the lower fan piedmont and are more conducive to prehistoric tool 
production.  This is demonstrated by the widespread lithic scatters present on these landforms. Areas of 
similar materials are also present on the Palo Verde Mesa terraces (Qpv). 
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SECTION 4 RESEARCH DESIGN 

The research d esign p rovides a f ramework and t heoretical c ontext for p roject g oals, f ield m ethods, 
discussion and interpretations of geomorphic features, and recommendations for future studies (and data 
needs). The research de sign pr ovided he rein is for a  g eoarchaeological s tudy c onducted t hrough 
geoarchaeological test excavations and monitoring of geotechnical borings. 

4.1 RESEARCH ISSUES 

This sec tion explicitly enumerates t he research q uestions, data n eeds an d sa mpling st rategy used to 
facilitate t he d evelopment of r efinements to the in itial g eoarchaeological s tudy a nd reconnaissance, in 
order to better assess the geoarchaeological sensitivity and developmental history o f those documented 
landforms.  

4.1.1 Research Questions 

The following research questions will guide the Applicant’s implementation of the Research Design to 
further r efine our  un derstanding of  t he p roject a rea landscape’s constituent l andforms, a nd t o further 
document and r efine the genetic and h istorical r elationships among t hem.  The r esearch questions will 
also guide the documentation of  each pe rtinent landform’s pa rticular s tratigraphy; i nterpretation of  t he 
energy regimes that led to the sedimentary deposition of each landform; interpretation of the chronology 
and duration of pedogenic processes that may have occurred for each landform; and discern whether the 
deposition of particular landform components was synchronous or may have been time transgressive.  

1. Can further refinement of landform designations and tentative chronological associations 
developed i n t he i nitial G eoarchaeological A ssessment b e ach ieved? I t h as b een w ell 
documented that landforms w ith similar m orphological t raits, ov er a w ide g eographic 
area of the Mojave Desert and Colorado River regions, are temporally synchronous due 
to widespread cyclical environmental perturbations.  Landforms within the RMS project 
area have been ascribed t o t hese broad chronological sequences based on morphology; 
however, t he p recise timing o f t hese l ocal d epositional ev ents i s u nknown.  For t hose 
landforms t hat f all w ithin or n ear t he l atest P leistocene (e.g., Q a6, Q a5, a nd possibly 
distal portions of Qa3) exact timing of deposition, and subsequent stability (pedogenesis) 
or bur ial is c rucial i n de termining t he po tential f or bur ied a rchaeological d eposits 
associated with the landform. 

2. For t hose landforms de termined t o ha ve a  de positional c hronology a nd e nergy r egime 
conducive to sensitivity for buried cultural resources (especially the distal lower energy 
portions of  y ounger a lluvial f an u nits Q a6 a nd Q a5), c an t he s ubsurface c onditions of  
those landforms be  i dentified a nd do cumented? S pecifically, c an t he l ithostratigraphic 
and pedostratigraphic units that comprise the landforms, the age, duration and tempo of 
pedogenic processes, energy regimes and depositional environment, and subsequent 
preservation of those units be identified and documented?. This will allow for a refined 
assessment of the potential for buried archaeological deposits, and the likely nature, age, 
and depth of those deposits. 
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3. In a ddition to refining t he s ubsurface c onditions o f p otentially sen sitive d epositional 
landforms ( Research I ssue 2 ) can  t he v ariation ac ross an d w ithin t hose l andforms b e 
established and do cumented, i n order to better define spatial variability in t he 
geoarchaeological sensitivity o f ea ch l andform? G iven the und erstanding of  regional 
landscape formation, there i s relatively h igh confidence that areas with a,  for example, 
Qa6 type morphology (see Section 3), are similar to other such landforms laterally across 
the project area. However, what i s not  well documented i s the variability in deposition 
linearly f rom t he p roximal ( upslope) to d istal ( downslope) m argins o f e ach of t hose 
broader landforms; the goal be ing to define portions of the landforms where sediments 
are too high-energy or were deposited too rapidly to have been likely to have preserved 
primary ar tifact ass ociations w ithin an y ar chaeological d eposits, v ersus t hose p ortions 
that a re lo w-energy a nd w ith a  slow p rocessual d eposition w hich is c onducive t o s ite 
formation and the preservation of these primary associations. 

4. For those landforms that may contain surface archaeological sites, but are too old or high 
energy to contain buried archaeological deposits, can the subsurface relationship between 
the old landform and any adjacent younger landforms be defined, as there is the potential 
for buried archaeological sites at that subsurface contact? Specifically, for landforms that 
have be en determined to be ol der than t he l atest P leistocene (ca. 16,000 B P) (e.g., t he 
Qpv l andform) a nd are b uried by  y ounger de posits, t he na ture o f the bu ried s urface 
(whether st able o r e rosional) is o f p articular import t o t he p otential f or b uried 
archaeology. 

5. Finally, f or l andforms t hat co ntain su rface ar chaeological si tes, can  t he n ear-surface 
nature of the landform be  characterized to understand the potential, or l ack thereof, for 
subsurface components associated with the sites? For example, if a landform is shown to 
have very been deposited in a very high energy setting, the potential for significant near-
surface archaeological deposits is minimal; alternatively, if the surface of a landform can 
be shown to have accreted s lowly through low-energy alluvial or eolian deposition, the 
potential is much higher. 

4.1.2 Data Needs 

1. Representative su bsurface profiles o f p otentially sen sitive de positional l andforms, w ith 
adequate spacing to demonstrate lineal variation within each landform. 

2. Sufficient exposure and examination of profiles to delineate major pedostratigraphic units 
(e.g., paleosols and buried landforms), t ime-transgressive depositional sequences within 
units, and relevant unconformities.  

3. Representative profiles at or near the intersection of different landforms. 

4. Datable material to establish the chronology of Project landform evolution. 
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4.1.3 Summary 

The primary focus of the new phase of geoarchaeological research will be the excavation and exposure of 
representative landform profiles for those portions of the project area where the sedimentary landforms 
identified during t he i nitial geoarchaeological reconnaissance assessment a re of an age and appropriate 
depositional na ture, where a  pot ential f or bu ried a rchaeological de posits was i dentified, and where the 
construction and operation of the proposed project would disturb native ground to a depth of greater than 
one meter.  These excavations will allow for the collection of data which is useful in: 

a. refining th e g eologic correlations that w ere f ield v erified d uring t he in itial 
geoarchaeological r econnaissance an d r esultant Geoarchaeological S ensitivity A nalysis 
and geoarchaeological sensitivity map (described above in Section 3); 

b. assess w hether the i dentified l andforms w ere d eposited r apidly o r g radually o ver a 
relatively long period of time (i.e., time transgressive); 

c. establish a nd r efine the a ge of  t he lithostratigraphic a nd pe dostratigraphic u nits th at 
compose the landforms; and 

d. establish the lineal variation in the depositional energy responsible for the development 
of each landform. 

This r efined data s et, and the i nterpretation of  it, will a llow for a  more complete understanding of  the 
geomorphic evolution o f t he P roject a rea, a nd the a ssociation of surficial a rchaeological sites t o that 
landform development, a s well as the relative potential for the P roject to impact bur ied archaeological 
resources. 

CEC Staff indicated that during the initial geoarchaeological assessment too much emphasis was placed 
on t he i dentification o f p aleosols as co nvenient s tratigraphic m arkers o f p ast l and su rfaces, w here 
archaeological sites could potentially be subject to erosional processes; and not enough emphasis on t he 
identification of areas of high-rate low-energy deposition, where archaeological sites would potentially be 
delicately buried and preserved (Rio Mesa Solar Electric Generating Facility Licensing Case Documents, 
Docket N umber: 11 -AFC-04, WebEx R ecording of  t he M arch 1, 2012, D ata R equest a nd I ssues 
Resolution Workshop, Posted March 5, 2012.).  Grain size, depositional environment and energy regime, 
and pedogenic indicators of soil/paleosol development will be further refined for each of the subsurface 
exposures excavated during the geoarchaeological subsurface investigation. While the Applicant agrees 
that the q uality of archaeological preservation is h igher in relatively lo w energy depositional 
environments t hat ha ve hi gh de positional r ates, i t i s not  t he m ost l ikely pl ace t o e ncounter bu ried 
archaeology. Cumulic soils (landforms where deposition outpaces soil development; i.e., where paleosols 
are no t f ormed) do not  l end t hemselves t o t he a ccumulation o f l arge c omplex a rchaeological s ites.  A 
constantly acreting landform is not conducive to long-term occupation.  At most, one could expect very 
ephemeral si tes, sp read-out more or  l ess randomly t hroughout the vertical and hor izontal e xtent o f t he 
cumulic l andform. In t rying t o r educe t he " needle i n t he ha ystack" pr oblem of  i dentifying bur ied 
archaeological s ites across a l arge p roject area, p aleosols ar e t he best o ption because t hey would have 
been exposed at the surface for a sufficient amount of time to increase the chances of site formation (and 
subsequent bu rial). O n a ny hor izontal s lice o f a  landform, a  pa leosol is more l ikely t o ha ve a n 
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archaeological si te o n i t t han an  eq uivalent s lice o f u nweathered al luvium. N ecessarily, t he 
geoarchaeological research w ill f ocus o n a reas that may co ntain p aleosols o f appropriate ag e ( latest 
Pleistocene t hrough H olocene) as w ell as  t hose w ith f ine-grain de position t hat i s m ore c onducive t o 
preservation. 

4.2 FIELD METHODS 

The following sampling s trategy and f ieldwork protocols will guide the Applicant’s implementation of 
the Research Design to further refine the geographic extents of the project area’s constituent landforms, 
and to further document and refine the genetic and historical relationships among them.  The s trategies 
and p rotocols w ill a lso g uide the documentation o f each p ertinent l andform’s particular s tratigraphy; 
interpretation o f t he en ergy r egimes t hat l ed t o t he sed imentary d eposition o f e ach l andform; 
interpretation of  the c hronology a nd dur ation of  pe dogenic pr ocesses t hat may ha ve oc curred f or ea ch 
landform; and discern whether the deposition of particular landform components was synchronous or may 
have been time transgressive.  

4.2.1 Project Effects and Level of Effort 

The subsurface geoarchaeological investigation set out here is a critical link in the acquisition of the data 
necessary t o en sure ad equate r egulatory co mpliance f or t he p roposed p roject.  The purpose of  t he  
investigation  is p rimarily to provide k ey i nformation ne cessary t o our  un derstanding of  t wo related 
aspects of the historic character of project area landforms: (1) the potential for each landform to harbor 
intact buried archaeological deposits, greater than 1  meter in depth ( i.e., geoarchaeological sensitivity); 
and ( 2) t he p otential for surface a rchaeological s ites, i dentified through pe destrian surveys, t o ha ve a n 
associated shallowly bur ied c omponent, based on the ne ar-surface developmental characteristics of the 
landform upon w hich each site is situated.  In each of these cases, the level of effort and methodology 
should be commensurate with the degree of potential project-related impacts to archaeological resources. 

By far the largest area of potential impact is associated with the heliostat reflector fields, which surround 
each of the two power block and tower areas (Figure 3.1-12).  Each field will consist of approximately 
85,000 he liostats, a nd w ill r equire a pproximately 1, 850 a cres o f l and to ope rate.  Each of  t he t otal 
approximately 170,000 heliostat reflectors will need to be supported by a pole or foundation.  The current 
best-practice m ethodology - which r educes t he a rea of  i mpact f or e ach he liostat, and t hus m inimizes 
effects t o other resource ar eas su ch as soils, bi ology, a rchaeology, e tc. - is a “v ibrate i n-place” 
methodology.  The v ibrate in -place m ethodology e mploys a  m etal py lon, or  p edestal, to s upport e ach 
heliostat, rather than a concrete foundation or footing which requires a much greater footprint and more 
equipment and ground disturbance.  Although final design of the heliostat pedestals is pending results of 
geotechnical i nvestigations, i t i s ex pected t hat em placement w ill l ikely b e as s uch: ( 1) a h ollow st em 
auger, between 12 t o 18 inches in diameter, would be used to loosen the upper 3 to 4 m eters (10 to 13 
feet) of  s oil in e ach he liostat l ocation; ( 2) on c ompletion of  t he pr e-drilling, a  c losed e nd py lon, 
approximately 6 to 8 inches in diameter will be driven or vibrated into the loosened soil, no greater than 
the depth of the pre-drilling. 

During both the pre-drilling and pylon insertion, no soils are brought to the surface and, thus, there is no 
potential for observing subsurface sediments or stratigraphy. However, the overall effect from the 
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installation of the heliostat pedestal on buried archaeological resources is considered to be very minimal. 
A maximum 12- inch diameter disturbance, in an otherwise undisturbed buried archaeological deposit, 
would likely have an insignificant impact on the potential information values of that deposit, especially 
given that no sediments would be removed using the auger and vibrate in-place methodology. 
Furthermore, given the spacing of the heliostats, the overall impact and potential for actually piercing a 
buried deposit becomes negligible.  Assuming an approximately 12- inch diameter auger and taking into 
account the approximately 170,000 proposed heliostats, the total, undispersed area of disturbance would 
be less than three acres. Over a total field size of approximately 3,700 acres, this represents a negligible 
percentage ( 0.0008 p ercent) of the to tal a rea of t he h eliostat f ields.  The p roposed p roject’s p otential 
impact on archaeological deposits buried deeper than one meter below the present ground surface would 
not appear to be a significant impact given the impact’s relative extent.  The consideration of the project’s 
potential to impact these deeper deposits in the heliostat fields will, therefore, be left out of the scope of 
the present su bsurface g eoarchaeological st udy. The purpose o f subsurface geoarchaeological 
investigation in the area of t he he liostat f ields, t hen, is to adequately demonstrate the broad-stroke 
character of the near-surface evolution of the landforms in t hat ar ea with regard to the potential for 
surface archaeological sites there to have buried components.  A total of 21 trench locations have been 
proposed within the heliostat field area. Of these, 8 are within the Qa6 fan landform, as this represents the 
dominant l andform upon which the h eliostat f ield i s s ituated. Much s maller portions of  the field are 
situated on the Q a3 a nd Q a5 landforms, a nd t hus f ewer pr oposed i nvestigations there (3 and 2 , 
respectively). In addition, both of these latter landforms are considered to have reduced geoarchaeological 
sensitivity, as discussed above in Section 3. 

The remainder of the heliostat field area is located on landforms determined to be part of the Palo Verde 
Mesa (Qpv) deposits of the paleo-Colorado River (see discussion in Section 3).  Based on previous dating 
and e volutionary history of t he landform, it is thought t o be too old a nd un likely to contain buried 
archaeological resources.  The purpose of the last 8 geoarchaeological trenches in the heliostat field area, 
on t he Q pv l andform, a re pr imarily f or pa leontological i nvestigation.  These trenches w ill, h owever, 
double as geoarchaeological t renches to verify t he a ssumptions made above i n Section 3.  These ei ght 
trenches sh all b e excavated an d d ocumented in a manner en tirely co nsistent w ith the m ethodology 
described below. 

Perhaps the m ost s ignificant impact, w ith r egards to buried a rchaeological r esources, w ill b e t he two 
towers an d associated power b locks i n t he ce nter of ea ch o f the h eliostat f ields.  Current c onceptual 
designs for each of the two towers, pending results of geotechnical investigations, consists of an 
approximately 175 feet wide (across the flats) and 12 feet deep octagonal foundation.  In addition, other 
underground utilities and power block related facilities will be constructed adjacent to the towers, none of 
which w ould exceed t he lateral o r v ertical scale of  t he t ower f oundations.  The t wo pow er bl ock a nd 
tower areas are located exclusively on the Qa6 alluvial fans.  For these proposed tower and power block 
areas (Figure 3.1-12, Inset Map 2 a nd 3) six geoarchaeological t est pi ts a re proposed in order to better 
define t he su bsurface s tratigraphy, p rocessual d evelopment o f t he l andform i n t hat sp ecific area, an d 
potential for disturbance of more deeply buried archaeological resources. 

Certain facilities for the Project will be shared by the two plants and located in a common area.  These 
facilities will i nclude a c ombined administration, control, maintenance, and warehouse bu ilding, and 
mobile equipment maintenance facilities for the maintenance crew and operators.  As shown in Figure 
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3.1-12, this common area is relatively small (less than 20 acres) and only a small portion of that area will 
likely receive subsurface impacts. Additionally, part of the common area is located on the Qpv landform, 
which is considered to have a low sensitivity for buried archaeological resources.  Associated subsurface 
impacts in this area will likely include foundations for buildings and emplacement of subsurface utilities, 
which may exceed 1 meter in depth.  These impacts are expected to be relatively limited and not exceed 
approximately 2 meters in depth.  Two trenches are proposed within this relatively small common area. 

In addition to the proposed trenches, six additional discretionary trenches will be held in reserve for the 
geoarchaeologist’s use where ongoing field results reveal the need for further clarificatory data. 

The total num ber a nd l ocation of  t renches is c onsidered s ufficient t o a nswer t he r esearch que stions 
outlined ab ove. A lthough su bsurface i mpacts r elated t o t he R MS P roject a re spread o ver an  ar ea o f 
approximately si x sections ( ca. 3 ,800 acres), an y ad ditional l evel o f e ffort is n ot n ecessary f or several 
reasons: (1) lack o f impact t o a rchaeological d eposits b uried g reater t han one meter b elow the p resent 
ground surface over the majority of the APE (i.e., the heliostat fields); (2) need for limited investigation 
of l andforms c onsidered too ol d to c ontain b uried a rchaeology, ba sed on g eologically-established, 
regionally co rrelative, su rface morphologies; ( 3) a reas o f deepest su bsurface i mpact ( e.g., t ower/power 
block areas) are relatively small and will be relatively homogeneous within that area; and (4) as discussed 
in S ection 3, p revious g eologic study o f the m ajor a lluvial l andforms a nd d epositional e vents in t he 
Mojave/Colorado River r egion has s hown t hat there i s a l arge d egree o f i nternal consistency b etween 
major alluvial processual units and, as such, results from one location can be dependably correlated and 
interpolated l aterally acr oss t he si milar l andform t ypes.  One r esult o f the p resent g eoarchaeological 
investigation will be to ascertain the dependability and usefulness of extant regional geologic correlations 
to research questions that are implicitly bound in an archaeological time scale. 

4.2.2 Sampling Strategy 

For t he m ajority o f t he P roject ar ea, o n Metropolitan W ater D istrict (MWD) pr operty, t wenty ( 26) 
locations h ave b een s elected for t he p lacement of ex ploratory 1 -meter-wide b y f ive-meters-long 
geoarchaeological/paleontological trenches (Figure 3.1-12).  These locations were selected based on their 
applicability t o t he research que stions i dentified above, a ssociation w ith landforms i dentified and f ield 
verified during the reconnaissance survey as potentially being of appropriate age and depositional nature 
to harbor buried resources, and the level of project-related impacts anticipated for each given area. 

In an effort to help further define the thickness and extent of the paleosol, the Applicant has also agreed to 
do additional paleontological testing in the project area as part of Data Request 128. In order to minimize 
additional impacts to the resources mentioned above, all the trenches and borings being excavated by the 
Applicant’s G eotechnical C ontractor w ill be  obs erved, doc umented, a nd s ampled by  t he P roject 
Geoarchaeologist, as well as Paleontological and Cultural Monitors. The placement of all of the trenches 
and m ost o f the bo rings w as d etermined by  t he P roject G eoarchaeologist a nd Paleontologist, w ith the 
exception of  the b orings l abeled “ MWD E xploratory B orings” w hich w ere de termined by  t he P roject 
Geotechnical Contractor (Figure 3.1-12). 

Trenches are primarily focused on the landforms identified as younger alluvial fans (Qa6 and Qa5) which 
are considered t o have the greatest potential for harboring buried cu ltural r esources. Three series of 
trenches ac ross Q a6 ex tend eas t-west, f rom t he h ead t o the t oe of  t he landform i n or der t o doc ument 
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changes in the de positional e nergy a nd internal structure o f t he landform f rom pr oximal ( upslope) to 
distal (downslope) ends, and variability in the potential for preservation of archaeological materials. 
Lateral consistency across the fan units, between these l ineal series of t renches, i s expected to be very 
high, due to the documented consistency of synchronous landforms across the region (e.g., Bull 1991; see 
discussion in Section 3). 

Several of these t renches have been s ited near the interface between the younger al luvial fan units and 
other identified o lder a nd/or c oarser-grained l andforms. These l ocations a re intended t o document t he 
subsurface i nteraction b etween t he a djacent landform t ypes a nd p rovide da ta on t he nature of a ny 
subsurface contacts between the two units. 

Although m any o f t hese landforms h ave su fficient observable s urface ch aracteristics ( e.g., c last size, 
degree of desert varnish, degree of pavement formation) or have been geologically dated and documented 
by other researchers (e.g., the Qpv landform, see discussion above), a small number of trenches have been 
placed w ithin these l andforms t o v erify a ssumptions m ade du ring t he reconnaissance field s tudy. I n 
particular, trenches placed within the Pleistocene Colorado River inset terrace deposits (Qpv) have been 
placed in locations where project related impacts will exceed 1 meter below surface, and will be used to 
assess near-surface conditions and t he veracity of assumptions r egarding t he l ack of geoarchaeological 
potential. 

4.2.3 Fieldwork Protocols 

Each geoarchaeological trench w ill b e excavated using a full-size b ackhoe fitted with a 3 -foot wide 
bucket. Each trench will be approximately 5 m eters long at  the surface and excavated to the maximum 
anticipated depth of the proposed project’s construction excavation in a particular area, or to the 
maximum de pth of  t he ba ckhoe’s r each ( approximately 4 meters), w hichever i s s hallower, unl ess t he 
Project Geoarchaeologist determines that the subsurface character of the project area appears to preclude 
the potential presence of archaeological deposits at greater depth. Examples of such determinations would 
be in cases where thick deposits of gravels indicate too high-energy of a depositional environment for the 
preservation of archaeological deposits, or where bedrock is encountered. The Project Geoarchaeologist 
would need to document and report each instance where the complete depth of a trench was not reached. 
The backhoe excavation of trenches and excavated spoils will primarily be observed from the surface and 
then b e doc umented f rom t he surface. I f pe dogenic or  a rchaeological f eatures a re o bserved f rom t he 
surface, which require closer inspection and/or sampling, the trench will be shored using hydraulic speed 
shoring, so  t hat the P roject G eoarchaeologist c an en ter the t rench sa fely, d ocument su bsurface 
stratigraphy a nd pe dogenic i ndicators, i n de tail, a nd c ollect s oil a nd da ting s amples. In a ddition, o ne 
trench on a  g iven l andform, or  ne w s ection o f a  l andform, w ill n eed t o be  s hored a nd e ntered by  t he 
Project G eoarchaeologist, i n or der t o m ore c losely e xamine a nd be tter e xpose, doc ument, a nd s ample 
stratigraphic and pedogenic units. Once these units are understood and documented, correlation between 
similar units will most likely be possible from the surface. 

In a ddition to the g eoarchaeological t renches, num erous g eotechnical and paleontological m echanical 
excavations (backhoe excavated pot-holes and corkscrew augers) have been planned (Figure 3.1-12). In 
order to gather the maximum amount of data regarding subsurface conditions, these excavations will also 
be observed, documented, and sampled by the Project Geoarchaeologist. 
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For each excavated trench, the Project Geoarchaeologist will produce a measured representative profile 
drawing, u sing a m etric scale. O bserved stratigraphic units w ill b e d escribed b ased on p hysical 
characteristics such as composition (grain size, parent material), color, superposition, textural transitions, 
and pedogenic properties (i.e., relative soil development). Each profile, including all observable textural 
and s oil t ransitions, w ill be  l ogged on s tandard s oil r ecordation f orms a nd phot ographed. T hese w ill 
include a detailed description of each lithostratigraphic and pedostratigraphic unit and be used to correlate 
units i dentified i n o ther t renches. In t renches where archaeological f eatures a re obs erved i n profile, o r 
where cross-cutting or interfingered stratum of different depositional units are present, a detailed profile 
drawing w ill be  c ompleted f or one  e ntire w all of  t he t rench, i n or der t o doc ument t he c ontext o f a ny 
unique features. 

The information collected in the soil recordation forms (Attachment 2) will be used to produce detailed 
written de scriptions, appropriate to the c haracter of  each t ype of  s tratigraphic uni t, of each 
lithostratigraphic a nd p edostratigraphic un it dow n a one-meter-wide, s haved pr ofile s ection along t he 
sidewall for which the measured representative profile drawing is made. Each measured profile sidewall 
will be photographed with a metric scale and north arrow.  

A m aximum of  14 radiocarbon s amples w ill be submitted for a nalysis, i n order t o de termine t he 
depositional rates and approximate ages of the major process-related lithostratigraphic sequences present 
and c onstrain t he da tes o f a ny pa leosols o r a rchaeological de posits that a re f ound. Discrete, in -place 
charcoal o r o ther o rganic carbon sam ples w ill b e u sed f or d ating. In t he ab sence o f d iscreet d atable 
material, e nough s oil h umate w ill be c ollected t o o btain r eliable r adiocarbon dates. O ne da te w ill be 
obtained for each major stratigraphic unit identified within a given landform (e.g., a buried surface within 
Qa6) in order to date the master stratigraphic column for each landform and each major landform feature. 
Correlation o f s tratigraphic uni ts obs erved across trenches w ithin a  g iven l andform w ill be  ba sed on  
textural, color, and other pedogenic similarities. In addition to obtaining dates for the master stratigraphic 
column within each landform, if a single stratigraphic unit is observed to be composed of a series fine-
grained laminated de positional s equence2, a  s ufficient number of  da tes ( 2 to 4, depending on t he total 
depth of the unit) will be obtained to determine the average rate at which the unit accreted. An allowance 
will be made for up to 3 priority service dates, which can return results while still in the field (3-6 days), 
in order to ascertain if potential sensitive stratigraphic units are of an appropriate age (i.e., less than ca. 
16,000 BP) to warrant further investigation, and thus influence the ongoing investigation. 

One i ssue w ith reliably d ating su rficial landforms i s that so il h umate accumulates o ver t ime. As su ch, 
dates o btained directly b elow t he surface d o n ot r epresent the t ime t hat t he landform w as u ltimately 
deposited and stabilized, but rather the last time that organic material from the surface illuviated down the 
soil column. T his means that these dates will consistently under value the true age o f the landform. A  
more reliable method is to obtain a date from a paleosol that is buried beneath the surface landform, as 
this date will record the time that surficial organics stopped entering the system or, put another way, when 
the pa leosol be gan t o be  buried by  t he ov erlying l andform; t hus p roviding a  m aximum da te f or t he 
overlying landform. In the absence of a distinct buried surface, it may not be possible to reliably date each 
                                                      
2 A series of thin fine-grain depositional lenses, as opposed to a single massive depositional package, would indicate 
that the development of the stratigraphic unit occurred through a series of low energy depositional events which 
although lacking pedogenic development, if the layers were deposited gradually enough, could be conducive to the 
preservation of buried archaeological deposits 
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landform. Such problems will be adequately considered in the selection of material for dating, and in the 
final analysis of results. 

At le ast o ne a dditional archaeologist w ill be o n-site to  a ssist in  th e m onitoring a nd s orting o f s poils 
excavated from the geoarchaeological trenches. Rakes and other hand tools will be used to actively sort 
through material as it is excavated from each trench. The Project Geoarchaeologist will assist in 
identifying paleosols and sensitive depositional horizons and stratigraphic markers as they are excavated, 
and t hese will be targeted f or m onitoring. A dditionally, a  s mall (three 5 -gallon b uckets) sample o f 
sediment from the major lithostratigraphic units in the measured profile, or, where lithostratigraphic units 
are not ap parent, from arbitrary levels in each m easured profile, e very 0.5 meters of depth, will be 
screened through ¼-inch hardware mesh. 

The P roject Geoarchaeologist will mechanically ex cavate t hrough any buried archaeological deposits 
encountered, unless such deposits contain human remains, using arbitrary levels no greater than 20 cm 
thick, screen the arbitrary levels through ¼-inch hardware mesh, and provenience all artifacts, ecofacts, 
and other material culture finds to those arbitrary levels.  

4.2.4 Curation 

Artifact a nd fossil collection, r etention/disposal, and c uration w ill oc cur i n a ccordance w ith a pplicable 
State and Federal standard protocols and policies.  The Applicant commits t o curate all a rchaeological 
materials, in accordance with the California State Historical Resources Commission’s Guidelines for the 
Curation of Archaeological Collections, i nto a  retrievable s torage c ollection i n a  p ublic repository o r 
museum. Additionally, the Applicant commits to curate all paleontological materials, in accordance with 
the S ociety f or Vertebrate P aleontology g uidelines, into a  retrievable s torage c ollection i n a  p ublic 
repository or museum. Moreover, the Applicant commits to pay all curation fees for artifacts and fossils 
recovered and for related documentation. 
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SECTION 5 TECHNICAL REPORT 

A report describing the results of the geoarchaeological field study set out here, and of the implications of 
these results on the assumptions made during the initial geoarchaeological assessment, will be produced. 
This report will include: revised mapping of the surface geomorphology of the project area (map scale of 
≥1:12,000); maps and descriptions of all excavated trench locations; graphic and written descriptions of 
the s tratigraphic p rofiles of t he p roject a rea including an  an alysis o f the d epth a nd extent o f a ny 
potentially sensitive paleosols; a g raphic showing the correlation of stratigraphic units across the project 
area; a processual geologic interpretation and the approximate age of subdivisions of the master column 
that reflect shifts in local depositional regimes or  depositional history, and that reflect t ime ranges that 
correspond t o t he pr ehistory a nd hi story of  t he r egion, a s pr esently unde rstood; D PR 523 f orms, a nd 
descriptions and preliminary interpretations of any encountered archaeological deposits. Formal reporting 
of r adiocarbon a nalysis r esults w ill be  i ncluded a s a n a ppendix. The r eport w ill a lso p rovide: an 
interpretation of the character of the prehistoric or historic land use that each encountered archaeological 
deposit represents; an interpretation, with reference to the information gathered and developed above, of 
the l ikelihood t hat bu ried a rchaeological de posits a re pr esent i n e ach of  t he identified l andforms or  
portions thereof; on the basis of the current understanding of the prehistory and history of the region, what 
site t ypes a re m ost l ikely t o be  found; a nd recommendations, based on t he p resent g eoarchaeological 
study, on the locations and extent (horizontal and vertical) of potential mitigation measures that would be 
most c onsistent with C EQA r equirements f or mitigation o f i mpacts through a voidance, when possible, 
and w ith t he h istoric p reservation g oal o f r ecovering v alid s cientific d ata f rom C RHR-eligible 
archaeological deposits whose destruction cannot be avoided. 

This report will also seek to more securely establish the physical contexts of the surface archaeological 
sites in the proposed project area, and to reliably assess both the likelihood that project area landforms 
may contain buried archaeological deposits and the likely character of any such deposits. The results of 
the geoarchaeological study should allow the CEC to better assess the potential impacts of the proposed 
project to buried archaeological resources, and to design a more targeted, limited, and effective mitigation 
monitoring plan (if warranted by the results of the geoarchaeological study). 

Buried archaeological deposits found during the trenching activities will be recorded on DPR 523 forms 
by the Archaeological Monitor. Formal evaluation of  s ite e ligibility and/or data recovery i s beyond the 
scope of the p resent. The g eoarchaeological study is not d esigned to assess the eligibility of buried 
archaeological s ites identified dur ing t renching. Additional scoping and consultation with the CEC and 
BLM will be necessary to complete a Phase II analysis of any identified archaeological deposits. 
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SECTION 6 PROJECT PERSONNEL AND MANAGEMENT 

All cultural resources work will be carried out under the direct supervision of archaeologists who meet the 
Secretary of Interior's Standards and Guidelines for Archaeology and Historic Preservation, and will be 
consistent with the procedures for compliance with NEPA, Section 106 of the NHPA, and CEQA Section 
15064.5. All decisions on level of effort or discretionary actions described in the present Research Design 
will be  approved by  E nergy C ommission s taff pr ior t o i mplementation. Any s uch decisions t hat a ffect 
work on land managed by the BLM shall also be subject to BLM approval, solely for that portion of the 
work that is to occur on BLM land. 

The key cultural resources personnel who will conduct the study and prepare the technical report are: 

• Jay Rehor, M.A. (URS Principal Investigator) 
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Fenceline Boundary of Solar Field (3,805 acres) *Includes Common Areas, Switchyard and Gas Metering Yard
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2012 MWD Geotechnical Explorations

#7 Boring Location (21)

#7 Electrical Resistivity Location (11)

#7 Test Pit Location (8)

Paleo Boring Transect*
(if not continuous core, up to 5 test pits in this location)

"/ Geoarchaeology/Paleontology Trenches (29)

%2 Geotechnical Boring Location - Transmission Line (7)

2011 Geotechnical Explorations

!A Boring Location (16)

!A Test Pit Location (15)

Cultural Survey Area (200ft. Buffer of Project Site, Tline Corridor, Gen Tie Areas)

ROW Corridor approx. 1,641 ac.
(1,300 ft. corridor, approx 650ft. from c/l;  approx acres: 1196 BLM, 445 Private)

Private Land Owned by MWD (approx. 6,741 ac.)

Fenceline Boundary of Solar Field (3,805 acres) *Includes Common Areas, Switchyard and Gas Metering Yard

Common Areas Boundary (19.5 acres) *Included in Fenceline acres

Switchyard (2.47 acres) *Included in Fenceline acres

Gas Metering Yard (0.52 acres) *Included in Fenceline acres

Temporary Construction Logistics Area (103 acres)

County Boundary

PLSS Section Line

SOURCES:  Draft Solar Field Layout & Fenceline,
MWD Land (Bechtel, 6-13-2012). 
Transmission Line Corridor (URS, 6-14-2012).
Aerial Imagery (NAIP, 5-25-2009). 
County, State Boundaries, Roads (ESRI, 2007). Parcels 
(BLM, 2006). Land Ownership (BLM, 3-03-2011).  
PLSS Sections (BLM, 12-11-2007).
Geotech Borings, Geomorphology (URS, 2011/2012).
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